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MORPHOGEN— INDUCED MODULATION OF 
INFLAMMATORY RESPONSE 



Field of the Invention 

1. The present invention relates generally to a method 
for modulating the inflatory response indeed in 
na mmal following tissue injury. More particularly, 
this invention relates to a method for alleviating 
i^nune-cell mediated tissue destruction assorted wxth 

15 the inflammatory response. 

Background of the Invention 

The body's inflammatory response to tissue injury 
20 can cause significant tissue destruction, 

ITss of tissue function. Damage to cells resulting 
from the effects of inflammatory response e.g., By 
immune-cell mediated tissue destruction, has been 
implicated as the cause of reduced tissue function or 
25 loss of tissue function in diseases of the joints 
,e!g., rheumatoid and osteoarthritis, and of many 

including the Kidney, pancreas, skin, lung and 
be Lt. For example, glomular nephritis, diabetes, 
inflammatory bowel disease, vascular diseases such as 
30 atheroclerosis and vasculitis, and skin diseases such 
« psoriasis and dermatitis are believed to result in 
targe part from unwanted acute inflammatory ««*ion 
^ fibrosis. A number of these diseases, including 
S£Z P-riesis and inflatory 
35 considered to be chronic inflammatory diseases. The 
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tissue, e.g- «« " ^ted organ rejection also 

response, often is the so ^ ^ 

damage. Among the factors ™ J modulating 
damaging effects are those assoc ^ 
«>e body's inflatory respons tnrlJ 
injury, e.g., ^^^^ oxygen-derived 

tumor necrosis factor (ra I - ho moral 
f ree radicals - n^SpniUc leuKocytes 

infarction. 

.,„«.. are characterised by 
» variety of * broncti tis, 

airway inflammation, incl»*xn > <= ^ asttoa . 

, emphysema, idiop f*" '"^nation disorders are 
toother type of 1 »<^^~^ rlMa by a generalised, 
irflaI -atory diseases characte ri b^ ^ ^ ^ 

wide-spread acute *" fl ^*"7 ' dysfunction 
respiratory f^-^ry response is that 
0 associated with the inflamm hy peroKia, 
mounted in response to injury c 

e.g., prolonged Similarly, reduced 

concentrations of 0, (95 2' 
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15 



blood flow to a tissue (and, therefore reduced or lack 
of oxygen to tissues), as described below, also can 
induce a primary tissue injury that stimulates the 
inflammatory response. 

It is well known that damage occurs to cells in 
mammals which have been deprived of oxygen. In fact, 
the interruption of blood flow, whether partial 
(hypoxia) or complete (ischemia) and the ensuing 
inflammatory responses may be the most important cause 
of coagulative necrosis or cell death in human disease. 
The complications of atherosclerosis, for example, are 
generally the result of ischemic cell injury in the 
brain, heart, small intestines, kidneys, and lower 
extremities. Highly differentiated cells, such as the 
proximal tubular cells of the kidney, cardiac myocytes, 
and the neurons of the central nervous system, all 
depend on aerobic respiration to produce ATP, the 
energy necessary to carry out their specialized 
20 functions. When ischemia limits the oxygen supply and 
ATP is depleted, the affected cells may become 
irreversibly injured. The ensuing inflammatory 
responses to this initial injury provide additional 
insult to the affected tissue. Examples of such 
25 hypoxia or ischemia are the partial or total loss of 
blood supply to the body as a whole, an organ within 
the body, or a region within an organ, such as occurs 
in cardiac arrest, pulmonary embolus, renal artery 
occlusion, coronary occlusion or occlusive stroke. 

J The tissue damage associated with ischemia- 

reperfusion injury is believed to comprise both the 
initial cell damage induced by the deprivation of 
oxygen to the cell and its subsequent recirculation, a 
35 well as the damage caused by the body's response to 
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^ reeerfusion 
. - tia l damage- » *■> * OU f ^endothelium of 

i^ n r«u ^ « the\urroundiog 

— — for transplantation 

sim Uatlv, tissues 

recipient. 

^cording*, the success* ^^ation or 

toe tissue actrvxt rle.g- storage of the 

25 at the harvest af the or^ ion- To date, 

2 harvested organ, "^f^as lungs, 

reservation * stealing Mo* « «» 

liver remains a sis* organs. B.s. 

M Patent He '''"^f^it reperfusion ««T- 
containing «- — o£ 

„ s. Patent No. S- 002 ' * ■ activat lng factor 

iUgonists, ^ in ^^ e P d wo rRing pr*-ri* W 
35 these factors are desert 
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roipase of and/or inhibiting the 
inhibiting the release oi a A numbe r of 

damaging effects of free oxygen radxcals. 

Les that can have significant toxic side effects, 
toeumatoid ana osteoarthritis are 

pri^Sy to destruction of the major structural 
Conents of the joint, cartilage and hone, and 
subseguent loss of the proper Joint anatomy. J a 
consequence of chronic disease, joint destruction 
ensuefand can lead to irreversible and Permanent 
ZZ to the joint and loss of function. Current 
treaLnt methods for severe cases of f*^"^ 
,c .wv.rlti« tvoically include the removal of the synovial 
^ane eg! synovectomy. Surgical synovectomy has 
C m tatUs, including the risK of the surgical 
procedure itself, and the fact that 
cannot remove all of the diseased membrane. The 
3„ diseased tissue remaining typically regenerate . 
causing the same symptoms which the surgery 
to alleviate. 
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dis ease of unKnown etiolo e „ ptions , 
inflation of toe s£n, rytn havin3 a whl te 

ofte n in papules or places, ^ ^ ^ 

5 silvery scale, ^f^f^p! elbows, Knees and lower 
-* commonly affect ° Qc ^ rs adults, but 
back. The disease usually occu ^ psoriasis 

children nay also ^ *tt<**£ artnritis (psoraitio 

S^-^ -oliation and even death 
^e^n afflicted individuals. 

^alesional application of of tar and ov 

administration of keratolytrcs, and u ^ ^ 

Ught on affected areas. Ho single ^ 
and it is rare fcr a patient " £ and remitting 
several alternatives during to *££J. treatment 
course of the disease. Whereas y lesions , 
can induce prompt re3 olutxon of psor-t^ 
suppression often ^^^Hapering of 
^^Tesrtl/rtboS phlnomena with extensions 

« of sr.szss^ 

o£ clinical disorders of toe g^ ^ ^ 

characterised by chronic xnfl di.ea.es in 

ulceration of the co 3 litis and regional 

this classification are fj* 1 ^ al ^cositis, the 

enteritis (Crohn's Disease) • wltt severe 

diseases classified * > are ^ salx of 

mucosal ulceration and fistul as), severe 

.Sf-"» 5=——- 



10 



15 



20 



25 



30 



WO 93/04692 



- 7 - 



PCT/US92/07358 



tfith the acid protective *~ £ ^ * JBD 
-TftSS anHro *itls Clinically, patients 
. 7^ZTS^ - severer ill withes sive 
Lrrhea, hlood loss XZX^Jtt* 

w*-*h- of the present invention is to 
n Therefore, an object 01 we p« 3 

.0 Thereioire, „ rotec ting mammalian tissue, 

inflammatory response following ti ssue 
Iniury. The inflammatory reaction may be m response 
injury t The origina i 

15 to an initial tissue in 3 u y biologically or 

transplanted, rncludxna P™^ n « des truction, 

orga ns from immune f 11 - 8 *"^ "Hith ischemia- 
• _ e ,. hp tissue damage associatea wn.« 

f cion iniury. This tissue damage may occur 
reperfusion injury, harvesting a nd transport, 

30 during donor tissue or or ^n harvesting 
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PCT/US92/07358 

WO 93/04692 _ 8 - 

m ethod for * lleviatln9 in . ^al following a 

n Ta^ tissue in the na*mal. Otter 
deprivation of oxygen " lnclade providing a 

, obj ects of the present invent as30ciate d with 

method for alleviate whlch has 

ischemic-reperfosxon injury 1^ following cardiac 
su «ered b ^Xs renTartery occlusion, 
arrest, pulnonary embolus, re R furthe r 

0 coronary occlusion or occlus aUevia ,:ing tissue 

obj ect is to provide^ ^^.^ tis sue injury, 
^VeS^-^ concentrations. 

nbiect of the invention is to provide 

still r o ^duittC^f^«^ responses to 

^rart^rttose induced in a h^an 
following tissue injury. 

invention will be apparent from 
drawings and clatas whxch follow. 
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of the invention 



elleviating the txssue d £ r e following 

^ inlurT Method cerises the step of 
tlS8U l !^toe affected tissue a therapeutically 
provide to the affect bogenio protein 

effects of the inflammatory response. 

the invention features compositions 

tissue, or in anticipation of such injury^ ^ 
0 and at a concentration sutt icien 

aestructive effects assocxat -»**^ 

include administering to the . 5 oompound 

tissue or in anticipation of such JY 
that stimulates invxvo a thera **°*" * ithin the 
concentration of an endogenous ^ 
b od y of the mammal -»i«f e£ fects Tsociated with the 
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These compounds are referr „ tacluoe 

siting 'f^^Tinistered to a — 1, «* on 
substances which, wnen normally are 

5 cells of tissues, or «^=> lng . ^rphogen 

responsible for, or capable of, j> ^ 
Indoor secreting a morphogen and whic fl- 
venous ..a X- -^Ttillatin, egression 

l0 ^rTeoSlorof an endogenous morphogen. 

injury" refers to the -rtrf ^ 

osygen deprivation of a cell an wben the cel i 

15 associated with the ^^J^d herein, the 
is resupplied with " ^ fers t0 the tissue 

«rm "^-^r^h proved exposure to lethally 
damage associated ' ^ 95% 0 2 , 

high doses of oxygen, e.g., ^ th e 

including the ^/^/^ally bigh oxygen 
inflammatory response to „ toxic OJty gen 

dose. Accordingly as used^bere^ ^ 
concentratxons refers _ lethaUy low oxygen 

^iththe injury induced by both ^ ^ ^ Qt 

concentrations of oxygen concentrat ions . 

oxygen), and by ™ ^ protection from. 
The expression " allev "^ tion of u „desired tissue 
auction of and/or cell . me diated tissue 

destruction, P artlcularlY de ™^ tio n may be in response 
destruction. The -ay b. mechanical, 

to an initial tissue injury w session 
chemical or ^^f/^ tis sues or organs, as 
..enhance the viability o ■ J^J reduction of and/or 
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i- «f tissue death, particularly immune cell- 

„° .... bo th tissue transplants (e.g., as in the 
Ze of bone Harrow transplants) and tissue grafts. 
yinaUy a "free oxygen radical inhibiting agent-Means 
a molecule capable of inhibiting the release of and/or 
inhibiting tissue damaging effects of free oxygen 
radicals . 

In one embodiment of the invention, ««.^^ 
provides methods and compositions for alleviating the 
ischemic-reperfusion injury in mammalian tissue 
resulting from a deprivation of and 
reperfusion of, oxygen to the tissue. In another 
embodiment, the invention provides a method 
alleviating the tissue-destructive effects «*°="^ e 
with hyperoxia. In still another embodiment of the 
Invention, the invention provides methods and 
T^s Sons for maintaining the viability of tissues 
and organs, particularly living tissues and organs to 
be transplanted, including protecting them from 
ischemia-reperfusion injury. In still another 
embodiment, the invention provides methods for 
emDooime ' f tbe tissue 

SSSE^SS- - chronic inflammatory diseases, 
! DS oriasi S/ dermatitis, xncludmg 

other autoimmune neurodegenerative diseases. 
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* fioe ct of the invention, the morphogen is 

tissue "te or by toP^l by ora l or 

prodded indirectly, ^ * as descriI) ed above, 
parenteral means • ^ 

^ a ^!on and/orlecretion may be administered to the 
expression and/or se stima iate an 

^s^al. Preferably, the »£f £ ^ Mitb the 

oogenous ^^ernatSely »orpho 9 en expression 
damaged tissue, alternatively, m P * t tissae 

a^/or seoretion may be ^^^ d tissue by 
and the morphogen transported to the oam g 
i the circulatory system. 

asoect of the invention, the morphogen 
In another aspect ct tn ^ 

isProv^"^--^^. J^es or such 

procedure likely to inflaBB atory response, 

tissue or otherwise aen - s timulating agent 

crgan to be transplanted, the ti prior 
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composition ^X^" rSS^. once 
stimulating agent. Alte ™ at "^ " tissue is placed 

parenteral administration. 
5 «. cogens -c^ -eiu are 

be useful in enhancing -»V b. — 
tissue to be transplanted. The » P 

to particular advantage in lung. Wart. ^ m 
or pancreas transplants, as well a inal 
,0 and/or grafting of bone marrow, skin, gastroi 
mucosa, and other living tissues. 

where the patient suffers from a chronic 
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e «-Fiil in this invention are 
MM the -»"^r^t«-lc proteins, 
proteins originally Id-* as ^ as 
such as the OP-1, ^^^eL such as DP* (from 
anino acid sequence-related p roousef see 

5 Dr osophila), V 9 X <f^^ al !£ GD U (from mouse, 
U.S. 5,011,69! to W«E»-£s* , all of which are 
see Le e (1991) £S*5 tt«« s J ^os.S-U), and the 

"—ST £5£. - < frOT Drosopllila ' se " 

recently identxrieo 
„ ID HO. 24, see «t««^t.l ^ ' — „ hlo h 

5S, 921 4-9 2 ie., ^^"p super-family of proteins 
delude members of the r<XJ P somology in ^r 

sh are auhstential am.no - ^ ^ a8 . 

C-terminal regions. ^ sig uel peptide 
15 precursor, having an H term resi dues, 

seouence, typically less than shout ^ ^ 

JLed hy a "^^peptide is cleave, rapidly 
aature sequence. The J*^ * that can be 

u poa translation, at a "= 1 «™ 9 ^ Bet nod of Von 

2 „ predicted in a f^T^^ch 14:4693-4691. , 
aeijne ((1996) SSHiSi^E^-^T^ m0r phogens 
Table I, below, their nomenclature as 

identified to date, " lcl ^ £erenees , B nd publicatxon 

Pi reference. x 

R efers pressed 
morphoge^call^ctxve D Pr 6egoence 

^"^foP-l Protein, including allelic 
rdlp^ie variants thereof, e.g., human 
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OP-1 (»hOP-l% Scq. ID »o. 5, mature 
protein amino acid sequence), or mouse 
OP-1 («mOP-l", Seq. ID No. 6, mature 
protein amino acid sequence.) The 
conserved seven cysteine skeleton xs 
defined by residues 38 to 139 of Seq. ID 
Nos 5 and 6. The cDNA sequences and the 
amino acids encoding the full length 
proteins are provided in Seq. Id Nos 16 
and 17 (hOPl) and Seq. ID Nos. 18 and 19 
(n0Pl ., The mature proteins are defxned 
by residues 293-431 (hOPl) and 292-430 
(mOPl). The "pro" regions of the 
proteins, cleaved to yield the mature, 
m orphogenically active proteins are 
defined essentially by resxdues 30-292 
(hOPl) and residues 30-291 (mOPl). 

refers generically to the group of active 
proteins expressed from part or all of a 
DNA sequence encoding OP-2 protexn, 
including allelic and 

thereof, e.g., human OP-2 ("hOP-2", Seq. 
ID No. 7, mature protein amxno acxd 
sequence) or mouse OP-2 (»mOP-2», Seq. ID 
No. 8, mature protein amino acxd 
sequence). The conserved seven cystexne 
skeleton is defined by residues 38 to 139 
of seq. ID Nos . 7 and 8. The cDNA 
sequences and the amino acids encodxn the 
Jl length proteins are provided xn Seq. 
ID Nos . 20 and 21 (hOP2) and Seq. ID Nos. 
22 and 23 (mOP2.) The mature protei n. . are 
defined essentially by residues 264-402 
(h0 P2) and 261-399 (mOP2). The "pro 
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30 



regions of the proteins, cleaved to yxeld 
Te mature, morphogenically by 
proteins likely are defined 
residues 18-263 (hO*2> and residue 1. 
imO*2\ (Another cleavage site also 

» -idues upstree»rerhoth 0 P-2 

proteins.) 

rerers genericelly to the morphogenies^ 

™ *r« ov or human CBMP2B DNA 
Seq ID No. 9) or num q 

rC BMP2B(fx)% Seq. ID NO* 10). X 

ta Wozney, et el- S^ffj^ 

the mature protein, resioue , bm p2B) 
283-396- The pro domain for BMF4 (BME2B, 
SU inc— residues 25-25 or 
the mature protein, residues 257 
293-408. 

conserved seven cysteine skeleton i * 
! n 11U The amino acid sequence for the 
Trai led protein appears in Padgett, et 
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al (1987) Nature 325: 81-84. The pro 
domain likely extends from the signal 
peptide cleavage site to residue 456; the 
mature protein likely is defined by 
5 residues 457-588. 

•Vfclffx)- refers to protein sequences encoded by the 
Xenopus Vgl gene and defining the 
conserved seven cysteine skeleton (Seq. ID 
No . 12). The amino acid sequence for the 
full length protein appears in 
Weeks (1987) Cell 51: 861-867. The 
prodomain likely extends from the signal 
peptide cleavage site to residue 246? the 
mature protein likely is defined by 
residues 247-360. 

"Vor-Mfxr refers to protein sequences encoded by the 
murine Vgr-1 gene and defining the 
conserved seven cysteine skeleton (Seq. ID 
No. 13). The amino acid sequence for the 
full length protein appears in Lyons, et 
al, (1989) PNAS 86* 4554-4558. The 
prodomain likely extends from the signal 
peptide cleavage site to residue 299; the 
mature protein likely is defined by 
residues 300-438. 

"GDF-1 ( f x ) " refers to protein sequences encoded by the 
human GDF-1 gene and defining the 
30 conserved seven cysteine skeleton (Seq. ID 

No 14). The cDNA and encoded ammo 
sequence for the full length protein is 
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provided^. ^ ^ 3ignal 

prodomain likely e M the 

peptide ^ViSy 1= defined by 
mature protein HKexy i 
residues 215-372. 

refers generally to * ^^feU 
act ive P^^I.Xecpnila .» 
* a dNR ^^""proteins .see Seg. 
g ene) encoding tt» •» P ded 
ID so . 24 wherein the cD ^ 
^no ecid sequence « £V » re£ers „ 
protein is provided). ~> 
Sk. protein seguences ^ 
conserved seven cysteine skeleton ^ 

'^"T^Tikel ertSsfromthe 
The prodomain lUceiy e resid ue 
signal peptide cleavage ^ 
324; the mature protein liHeiy i 
by residues 325-455. 

refers to protein 

h^an BMP 3 gene and ho . 
seven cysteine skeleton (Se,^ 
The amino acid segoence for tne 
fengrn protein appa ars in * £ 

f 19881 Science 242: 1528-1534. 

£^f du To the 
peptide cleavage ^te to resi neaw 

mature protein liKeiy « 
30 residues 291-472. 
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t- refers to protein sequences encoded by the 
«BMP5(fx)" refers w P H ~£i n inq the conserved 

human BMP 5 gene and defining w 
seven cysteine skeleton (Seq. °* 2?> ' 
The amino acid sequence for the full 
length protein appears in Celeste, et al. 
5 TlsYl) PNAS 87: 9843-9847. The pro domain 

llk ely extends from the signal Peptide 
cleavage site to residue 316; the mature 
protein likely is defined by residues 

10 317 " 454 * 

seven cysteine skeleton (Seq, ID «o. 28). 
The amino acid sequence for the full 
15 length protein appears in celeste, et al. 

{ ZVo) PNAS 87: 9843-5847. The pro domain 
i ik ely Incudes extends from the signal 
peptide cleavage site to residue 374, the 
2Q mature sequence likely includes 

residues 375-513. 

«. 0~ ^ an J-^J^.. ID 

„i,*in «e "-^.--If^Sr^ interfere 
30 ID so. 14) but this insert likely does 

-* the re TnT d fit p i 0 :: s xzz?~ ^ 
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— " -*-|— 5 invent 
combination as defined hereto, a 

<e - 9 - M THtoeri protein con.pri.in, a pair ox 
5 morphogen is a dimeric p polype ptide chain 

polypeptide J^^x'." cysteine skeleton 

comprises at least tte C te» ^ ^ 5 _ 
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comprises an of Se ,. id no. 5, including 

defined by rescues * nts of these cysteines 

functionally «*^^ons or deletions which alter 
fe . g ., amino acid ines in the sequence 

has - XrrtppTortlate intre- 

Secixicaiiy. f-.-sssrsSTi. - 

ail of the following bxol0 » l ~ mnmBt . stimulating 
..rphogenically l-*""^ Emulating the 
proliferation of progenitor cells, s ing ^ 

differentiation «- and supporting 
proliferation of *««» ^^tiated cells, 
« the growth -^^ tiol . of transformed cells, 
including the reoirre fl t^se 

xn addition, it is also an "^ d reaiffere ntiation of 
mo rphogens ere capable of ^^ 9 environme „tal 
conmitted cells under appropriate enri 

30 conditions. 

» one ^ r ^T^^^^ 
invention comprise one of two^^ ^ ^ „ „„. „ or 

ocid sequences* Generic , ^ Xaa 

35 Generic Sequence 2 <seq. 
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10 



indicates one of the 20 naturally-occurring L-isomer. 

a-a™ino acids or a derivative thereof. Generic 
i „™,risss the conserved six cysteine 
Ln£S Te^ueuce 2 copses the conaerv ed 

sS cysteine skeleton plus the In 

identified in OP-2 (see residue 36, Seq. ID Ho. 2). 

another preferred aspect, these sequences further 

comprise the following additional sequence at their 

terminus! 

Cys Xaa Xaa xaa Xaa (Seq. ID No. 15) 



1 



preferred amino acid sequences within the 
15 foregoing generic sequences include: 

3 (Seq. ID So. 3), Generic Sequence 4 (Seq. ID No. 4), 
Generic Sequence 5 (Seq. ID No. 30, and Generic 
sequence S^Seq. ID No. 31), listed below These 
Generic Sequences accommodate the homology shared 
2 0 a^ che furious preferred menfcers of 

family identified in Table II, as well as the amino 
acid sequence variation among them, specifically, 
Goneri/sequences 3 and 4 are composite amino acid 
-.nuances of the following proteins presented m 
25 IZ and identified in Seq. ID Nos. 5-14: human 
™ , ,hnp-i sea. ID Nos. 5 and 16-17), mouse OP-1 

seq! ID Nos . 6 and 18-19,, human and mouse OP-2 

£. '< 8 ' «" 2 °- 22 '' CBMP2A lS : 9 ; id' 

CBMP2B (Seq. ID No. 10), DPP \ 

so no. a,, ^. s ^ G : P ! r.^iLe, 

(from mouse, Seq. ID No. 13,, ana ou ! ... both 
seq. ID no. 14.) The generic sequences include both 
the amino acid identity shared by the sequences in 
fablfll, as well as alternative residues for the 
35 variable positions within the sequence. Note that 
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r.-« allow for an additional 

skeleton where inter OT itical ^tno acids 

- Md "re^farTst-rnre o* the protein,, 

which influence the tertiary » 
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generic Sequence 3 
Leu Tyr Val Xaa Phe 

1 5 
Xa a Xaa Xaa Gly Trp Xaa Xaa Trp Xaa 
10 

Xaa Ala Pro Xaa Gly Xaa xaa Ala 
15 

xaa Tyr Cys xaa Gly Xaa Cys Xaa 

25 30 
xaa Pro Xaa Xaa Xaa Xaa Xaa 
35 

Xaa Xaa Xaa Asn His Ala Xaa Xaa 

40 45 
xaa xaa Leu Xaa Xaa Xaa Xaa Xaa 
50 

xaa xaa Xaa Xaa Xaa Xaa Xaa Cys 

55 60 
Cys xaa Pro Xaa Xaa Xaa xaa xaa 
65 
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xaa Xaa Xaa Leu Xaa Xaa Xaa 

70 75 
Xaa Xaa Xaa Xaa Val xaa Leu Xaa 
80 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

85 90 
Xaa Cys Gly Cys Xaa 

wherein each L is independently selected from e group 
of one or more specified amino acids defied es 
follows! "Res." means "residue" and Xaa at res. 4 
fse Asp or Glu), xaa at res.6 = (Arg, Gin, Ser or 

xaa at res!, - (Asp or Glu), Xaa at res. B - (Leu 
or Val), xaa at res.ll = (Gin, Leu, Asp, Hxs or Asn , 
xaa at res. 12 - (Asp, Arg or Asn), Xaa at res.U = (He 
or Vat, • xaa at res.lS - (He or val), Xaa * ~"» ; 
(G lu, Gin, Leu, Lys, Pro or Arg), xaa at res. 20 - (*yr 
or Phe), xaa at res.2! « (Ala, Ser, Asp, Met , Bxs ; 
or Gin), xaa at res.23 - (Tyr, Asn or Phe), xaa at 
res-26 = (Glu, His, Tyr, Asp or Gin), Xaa at res. 20 - 
(Glu, Lys, Asp or Gin), xaa at res. 30 = (Ala, Ser, Pro 
or oin,- xaa at res.3! - (Phe, Leu or Iyr„ xaa at 
res.33 = (Leu or Val), Xaa at res.34 = (Asn, Asp, Ala 
re& \ . L or Ala); 

«y Thr\i Xaa at res. 35 * (Ser, Asp, v»xu, 
, xaa Tt'res.So - (Tyr, Cys, sis. Ser or He), Xaa at 
res.37 - (Met, Phe, Gly or Leu), Xaa at res. 38 (Asn 
TZu xaa at res.3, - (Ala, ser or Gly), Xaa at 
res.40 = (Thr, Leu or Ser), Xaa at res. 44 > (He or 
va xaa at res.4S = (Val or Leu), Xaa at res. 6^ 
0 (Gin or Arg,, Xaa at res.47 - 

res .49 - (Val or Met), Xaa at res.50 - (B« or A ), 
xaa at res.51 =■ (Phe, Leu, Asn, Ser, Ala or Val), 
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r^, r r« - -^"jrr 

. r*U'- (Val. T mj t 

A sp>i Xaa at res.S9 - « "»>' Xaa at 

(Pro or Ala> f » * (Gin, W s, Arg 

res ;f r « .r» t ; ^ or «i„ x, a * 

or Glu); Xaa at res.o/ v (Ala, Pro 

10 „ s . 6 a - e». ser or r u « * ~£ £ ; t 

T.e«M Xaa at res* 7$ - l^sp uj- * Asn 



orYeu,! Xaa a, res.78 - (Asp or Asa,, xaa „ 
(Mp , Gin, AS* cr ser» ; Xaa « res 78 - Ser , 
or Tyr), Xaa at res.79 - (Ser, Asn, * P 
res .S0 - (Asn, Thr or Lys,! ^ < _ 

Val„ xaa at res.84 - (W or Arg , Xaa at r 
(Lvs. Asn, Gin or Bis)! Xaa at res. 86 (lyr 
2 „ rit res.87 - (Arg, Gin Xaa at «.M 

(Asn OXn or Asp, L Xaa at ; es^(V r ,^ ^ 



« at res.92 = (Arg, Lys, Val, Asp or ^ , ~~ ^ 
(Ala, Gly or Gin) : and xaa at res.s/ 



res. 93 
Arg)! 



25 



amarlc Segnence 4 



Cys Xaa Xaa xaa Xaa Leu Tyr Val Xaa Phe 

xaa Xaa Xaa Gly Bp Xaa Xaa Trp Xaa 
15 

Xaa Ala Pro Xaa Gly Xaa Xaa Ala 

20 25 v 

Xaa Tyr Cys xaa Gly Xaa Cys Xaa 
30 35 
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Xaa Pro Xaa Xaa Xaa Xaa Xaa 
40 

xaa xaa xaa Asn His Ala Xaa Xaa 
45 50 
Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa 
55 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 



60 



Cys Xaa Pro Xaa Xaa Xaa Xaa xaa 
70 

Xaa Xaa Xaa Leu Xaa Xaa Xaa 



75 



80 



Xaa Xaa Xaa Xaa Val Xaa Leu Xaa 



85 



Xaa Xaa Xaa Xaa Met Xaa Val Xaa 



95 



90 

Xaa Cys Gly Cys xaa 
100 

wh erein each xaa is infant ly select ed from a group 
of one or more specified amino acxds as de fined by tte 
following. "Res." means "residue" and Xaa at res . 2 

L„>. y«a at res. 3 - (Lys or Arg); Xaa at res. 4 
XZoTw ".a ."es.5 i (Gin, Ser, His, Gly, Ar, 
or'pro,: xaa 9 at res.9 - (Ser, Asp or Gin,; Xaa at 
res 11 - (Arg, Gin, Ser or lys); xaa at res.12 (Asp 
or Glu), X-at res.13 - (Leu or Val,, Xaa at res U - 
(Gln , », ASP Bis or Asn,, xaa at s.17 .*» 

r^*^.* - - — ~ - — iys, 2 r: 

(A 1». ser, asp. Met, His Leu, or G n , xaa at « 
(Tyr, Asn or Phe); Xaa at res. 31 - (Gin, Bis, y , 

m„i. xaa at res. 33 - Glu, Lys, Asp or Gin); xaa at 
or Gin); xaa at tea.-'-' #i>y»o Leu 

res. 35 - (Ala, Ser or Pro); Xaa at res. 36 = (Phe, Leu 
, or lyr>; Xaa at res.38 = (Leu or val); xaa at res.39 
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re s.44 - ^'Z:« - \nTJlZ Xaa * res.SO - 
s or ser} ; xaa at res.49 (I ); ^ ot 

(Val or Wl! xaa at res -" * res . 54 =. (vbI or 
s-> - (Tar, Ala or Ser f Xaa at res.s* i 

or Glo); xaa at res.59 - (Pro or s . 
(Glu, ASP. or Gly); xaa at res.« - ^ _ ; ^ 
ty s, asp, Tyr, sar or Ala ^ ^ ^ res . 64 - 

or lie); Xaa at res.63 - no orA «, 
„ (Lys or ^eu); xaa at res.6^ «r ). ^ ^ 

— 68 = £/or Glu), Xaa t -.72 - 

Xa a at res-71 - (Gin, , ser or Rs p); 

^ " C -a It res.75 - 
xaa at res. 74 - . (S ar or Ala); Xaa at 

20 (lie, Thr or Val); Xaa at res _ ^ ^ 

res.77 = (Val or Met); Xaa at res 79 ^ _ sp 

xaa at res. 80 - ^T," ~ « « * 

or Asn); Xaa at res. 82 (Asp. _ ^ 

re s.83 = (Ser, Gin, Asn or *yr , Xaa at r 

25 Asn, asp It res.89 - (Lys or 

xaa at res 8 7 - (« . or ) ^ ^ ^ Xaa afc 

— M " 'Tree « = (Asn. 3 r "sp.; Xaa at res.98 
Glu); Xaa at res.93 (Asn _ ^ Val, 

30 = (Val, Thr or Ala), Xaa .t and Xaa 

Asp or Glu); xaa at res.98 - (Ala, 
at res. 102 - (Bis or Arg) . 
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25 



Similarly, Generic sequence 5 (Seq. » No 30, and 
Similar y, acconmodate the 

17), mouse OP-1 (mOP-1, seq. aw 20-22), 
hum an and mouse OP-2 (Seq. ID Nos. 7, 8. and 20 22), 
CB^P2A (Seq. ID No. 9), CBMP2B (Seq. ID No. 10), DPP 
CBMP^A ^aeq. (from Xenopus, 

(from Drosophila, Seq. ID No. 11), Vgi, \ 
1 Tn 121 Vqr-1 (from mouse, Seq. ID no. "J/ 

(Seq. ID No. 26), human BMP 5 (Seq. ID No. ii), 

ZZ J* identity 3-red b y «-e sequences in tfce 
C-terminal domain, defined by the sir and seven 
cyst eine sHeletons (Generic Sequences 5 and 6 ^ 
respectively), as well as alternative res " u ° 
— Positions ^in the - a - -—r 

r or position 46 (Generic Sequence 6), providing an 

sssrssrsir ,;r»— 

certain critical amino acids which influence the 
tertiary structure of the proteins, 

^""»-^ sequence 5 
Leu Xaa Xaa Xaa Phe 



1 



5 



Xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa 
10 
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Xaa Xaa Pro Xaa Xaa Xaa Xaa Ala 

15 20 
Xaa nyr Cys Xaa Gly Xaa Cys Xaa 
25 30 
5 xaa Pro Xaa Xaa xaa Xaa Xaa 

35 

Xaa Xaa Xaa As* His Ala Xaa Xaa 

40 45 
xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

10 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 

55 60 
Cys xaa Pro Xaa Xaa Xaa Xaa Xaa 
65 

15 Xaa Xaa Xaa Leu Xaa Xaa Xaa 

70 75 
Xaa Xaa Xaa xaa Val Xaa Leu Xaa 
80 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

20 

xaa Cys Xaa Cys Xaa 
serein «* « * in^pe^eatly selected a group 

oi one or *ors specif a«ino -ds a. U~* » 



of one or more 7 2 „ 

tT yr or Lys); Xaa at res.o 
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. (MU , Vel or Xle„ Xee 

Hi- - « Ser,, Xee at re l 2j Asp, _ 
Glu); xee at res. 14 - <»• « ve 1, ^ „,.„ 

(He or Vel>, Xaa at res. 16 (Ala or ser,, _ 
5 1 (0 lu, Oin. Leu, ^ Pro or ^ , Xaa at - ^ 

<Gly " 1 Ter . P "M t, £. Gin, Leu or Gly), 
res.21 - (Ala, Ser, Asp, J6 _ 

Xee at res.23 - (Tyr, Asn or Phe , xa _ 
(G lu, His, Tyr, ASP, """f^.** \%, ser, Pro, 

.0 Lys, Asp, Gin or Ala,, xaa at res. 30 ( ^ ^ 

Gin or Asn); Xaa at res.3 - (Phe J" / Rsp> 
res.33 = (Lea, val or Met,, Xaa at res 
Ale, Thr or Pro,, Xaa at res. S- (Ser A P ^ 
Ale or Lys,, xaa at ^ ^ ^ , xaa at 

15 lie,, Xee et res. 37 - (Met, P , I _ ^ 

re5 . 38 - (Asn ser « ys , x - - _ ^ ^ ^ 
Gly or Pro); Xaa at res.«*v \ rval. Leu 

- -He, val .J " ^.47 . 
or He,, xee at res. 46 - (Gin or Arg,, ^ 

20 ,W, Ale or ser), x aa at ™^ '£? { Z e , Asn or 
res. 49 - (Val or Met), Xea at res.50 < . 

Xaa at res.52 - (lie, Met, ^ at 

at res.53 - (Asn, W s, Ale, Glu, y _ ^ 

« res.54 - (Pro, Ser or vel), *«> s * re = br# Ala , V el, 
Asn, Gly, Vel or ™ « ^ at res . 57 = 

Lys, Asp, *■ « ^, . ; ro or MP)! xee et 

(vel, Ala or lie), Xae at res. . 
res.69 - (Lys, Leu or Glu), Xea et rea.60 (P _ 

30 Ala,, Xaa at ™?ZS«Zlt-Z. *. « « 
(Ihr ' T " res 67 ■ (Leu^ Met or val,, xaa at res.68 
Glu); Xaa at res. 6/ a pro or 

.(Asn, Ser,AsporGl,,^aa--. ::Le < )! ' aBat 

35 ^il" « Pro'', xea at res.72 - ,val. Met 
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v »* res 74 - (lyr or PSe) ; xaa at res.75 = 
or lie); Xaa at res.74 U ^ _ ^ ftsn or 

(Pne, «r- >» « f »» " GJJJ , ^ or S erK Xaa at 
Le u), xaa at res.77 - {UP, * » Xaa at r es-79 - 

res.78 = (Ser, Gin, Asn, Tyr or »>' _ Thr 

5 <ser, Asn, Asp, Gl» « ^ ^or U,; Xaa at 
or Lys); Xaa at res.82 U 85 = {Lys , Asn, Gin, 

res.84 = (Lys or Arg, > xaa at res- 5 ( ^ ^ 
His or ValW xaa at res.86 (Tyr ^ ^ _ ^ 

res.87 = (««, =1°' Glu « * Thr> Ma or He); 

„ Glu or Asp); Xaa at res.90 - (Val, « , ^ ^ ^ 

anfxaaatres.97 = ( H isorAr g) . 



15 



or 

flpneric Sequence 6 



20 



25 



cysxaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Phe 

Xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa 
15 

Xaa Xaa Pro Xaa Xaa Xaa Xaa Ala 

_ - 25 
20 

Xaa Tyr Cys Xaa Gly Xaa Cys Xaa 
30 

Xaa Pro Xaa Xaa Xaa Xaa Xaa 
40 

Xaa xaa Xaa Asn His Ala Xaa Xaa 
45 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
55 

Xaa xaa xaa Xaa Xaa Xaa Xaa Cys 

60 65 
Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa 
70 
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10 



Xaa Xaa Xaa Leu Xaa Xaa Xaa 

75 ^° 
Xaa Xaa Xaa Xaa Val Xaa Leu Xaa 
85 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

90 95 
Xaa Cys Xaa Cys Xaa 
100 



- xaa is independently selected from a group 

foXXowing: "Res." means "residue" end Xaa at res 
(Lys, Arg, Ma or GXn, , Xaa at res.3 (Lys, «g 



(Lys, Arg, Ala or 5 = 

I! " L s'„ Tea at res.8 = (VaX or n£ xaa 

o ,«u.r Aso or Glu) ? Xaa at res.U - (Arg, 

xaa at res.20 = (lie or V.X,,* a at res. ^ 
Ser); Xaa at res. 23 = (Glu, Gin, o 5 = (Tyr or 

Xaa at res.24 - i^^^^J^n. 
r '-GX^'-at ^ or Xaa at 

rts'.3X - GXu, His, Tyr, asp, GXn or ser,, Xaa at 

« - GXu lvs, Asp, Gin or AXa); Xaa at res. 35 - 
res. 33 - GXu, Lys, w res. 36 - <rne, Leu 

,,,, Ser , Pr o, GXn or Asn); xaa at res. jo > 
(AXa, ser, rro, xaa Bt 

or xyr,; xaa at res.3 - (Leu, Va ^ . 

res. 39 - (Asn, Asp, AXa, Thr or f ,, _ 
,ser, Asp, GXu, Leu, AXa or Lys, xaa at re 4 ^ 
cys. His, ser or tie,, Xaa at res.42 ( . ^ 
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Lea or Ser,; xaa at res « - ^ ~ 

r L or He,, xaa at res.54 - (Val or Met); xaa at 
5 res 55 - (His, Asn or Arg); Xaa at res. 56 - (Phe, Leu, 
Asn Ser, Ala or Val,; Xaa at res.57 - (II.. Met, 
a!a val or Lea); Xaa at res.58 - (Asn, Lys, Ala, Glu, 
Sy'orlhoW Xai at res.59 - (Pro, Ser or Val, ; Xaa at 
res.60 - (Glu, Asp, Gly, Val or Lys); Xaa at ree.M ■ 
X0 'Z, Ala val, Lys. Asp, Tyr, Ser, Ala "o cr ms 

xaa at res.52 = (val. Ala or He,, Xaa at res.83 - (Pro 

or Aso); Xaa at res.64 ■= (Lys, Leu or Glu); Xaa at 
or Asp), *aa a _ ^ yal } . 

res.65 = (Pro or Ala); Xaa at res.oo i 
xaa at res.70 = (Thr, Ala or Glu); Xaa at res.71 - 
15 (Gin! Lys Arg or Glu); Xaa at res.72 = (Leu, Met or 
C Xea'at res.73 - (Asu, Ser, * , 

" ^VrJ «' "ser! S o Pro xaa « 

Val or Leu); Xaa at res.76 - (Ser, Aj.a 
, es 77 - (Val, Met or He); Xaa at res.79 - (Tyr or 
res.77 (v , or His Xaa at 

20 Phe); xaa at res-80 - (She = (Asp , Glu, 

™ si » (asp, Asn or Leu); Xaa at res.w i 
Z ol ser,; xaa at res.83 - (Ser, Gin, Asn, Tyr or 
I p,; xaa i; res.84 = (Ser, Asn, Asp, Glu or Lys ; xaa 
aeres.85 - (Asn, Or or Lys); Xaa at res 87 - (lie, 

25 val or Asn); Xaa at res.89 - (Lys or Arg); Xaa at 

res 90 - (Lys, Asn, Gin, His or Val); Xaa at res.9i - 
W or hLI; xaa at res.92 - (Arg, Gin, Gin or Pro); 

<val Thr, Ala or He); Xaa at res.97 = (Arg, Lys, va 
30 Zfor M, xaa at res.98 - (Ala, Gly, Glu or Ser, , 
£a at res.100 = (Gly or Ala,; and Xaa at res.102 
(His or Arg) . 
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Particularly useful sequences for use as morphogens 
in tnis invention include the C-terminal domains, e.g., 
the C-terminal 96-102 amino acid residues of Vgl, 
^-1, DPP, OP-1. OP-2. CBMP-2A, CBMP-2B. CDF- (see 

Table II. below, and Se g . I D Hos. 5-14), as we 1 as 
proteins comprising the C-terminal domain of 8°*' 
Lp3, BMP5 and BMP6 (see seg. ID Nos. 24-28), all 
wh ich include at least the conserved sir or seven 
„,=<-»ine skeleton. In addition, biosynthetic 
^tracts designed fro. the generic sequences, such as 
cop-1 3-5, 7, 16, disclosed in U.S. Pat. No. 
"x 691 also are useful. Other sequences include 
tie inhihins/activin proteins (see, for example, U.S. 
Pit Hos . 4,968,590 and 5,011,691). Accordingly, other 
Te ul sequences are those sharing at least 70% amino 
acid sequLe homology or "similarity", and P^erably 
m homology or similarity with any of the sequences 
above. These are anticipated to include allelic and 
^ variants and mutants, and biosynthetic ™tei» , 
, as well as novel members of this morphogenic family of 
proteins- Particularly envisioned in the family of 
related proteins are those proteins exhibiting 
lorphogenic activity and wherein the ammo acid changes 
t Z ie preferred sequences include conservative 
5 changes, e.g., those as defined by Dayoff et al. , Atlas 

°r *„ ' L structure; vol. 5, Suppl. 3, 

"pp. 345-362, T«.0. Dayoff, ed.,Nat'l BioMed. Besearch 
Mn Washington, D.C. 1979). As used herein, 

useful sequences are ^ "i^ 
0 morphogen sequence using the method 

,(1970) .T.Mol.Biol. 4At443-453) and identities 
calculated by the Align program (DSAstar, Inc.). 
"Homology" or "similarity" as used herein Eludes 
a^owed^onservative changes as defined by Dayoff et 
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having greater « acid seqpence 

than 65% identity, irttt « o£ MP1 

5 defining the conserved sir cy ^ most 

(e.g., residues 43-139 s q ^ 
referred serene s ^nde_, ^ ^ 

variants of the op i « SprnrdinalY , in another 

T*? JITS*: — : uU£ul morsh ° 9ens 

polyP eptide ™^ .uieh 

sequence herein referred to as 0 , 

a=c=^-^ e ^r^rsnse g . »». 

L5 identified specxes 01 w 

„ ee > f „l ^ the methods , composition 

r*££ s-srs: *. 

^^n^tetr^auy-oconrring or 

ssjs-^- -ir "SL-orraUion 

25 truncated and fusion constrncts^ Dele 

^h^aSrrco^ed C-te^nal cysteine 
those which ^ .iteration does not 
^""'^trupf Relationship of these 
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«. proteins - 

SSSSTSSi 3£J - — -« -3— 

related pro truncate d or mutated forms of 

, SST- ^ruc proteins, produced bv session 
of recombinant DNA in host cells. 

The monogenic proteins can be ^pressed from 

cleaved, refolded, and dimerised to form 

compositions and devrces °* Hos . 752 , 764 , 

1991, the disclosure of which ere incorporated herexn 
20 by reference. 

in view of this disclosure, skilled genetic 

various types of host cells in » f active 

and eucaryotes, to produce large .^f^°^ g from 
proteins capable of protecting ^TJ^^ 
immune cell-mediated tissue 
substantially inhibiting such damage and/or 
regenerating the damaged tissue xn a variety 
mammals/ including humans. 



25 
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Brief Description of the Drawings 



FIG 1 



treated rats; 

^ effects of 20 ug of morphogen (hOPl 
FIG 2 shows the effects ot £ . £ rat bea rt 

"cetycholine following induced ische-nxa 
reperfusion injury! 

shows the effect of morphogen (hOfl) on 
activated rats; 

(R end B) are schematic representations of 
' . . ....! nn 0 f early mononuclear 

morphogen inhibxtxon of ear y 
phagocytic multinuclearization in vxyo, 



15 FIG 3 



20 FIG 4 



FIG 5 



FIG 6 



, OP-D 



i-he effect of a morphogen (e.g./ OP 
Stpfaceho' controi on mucositic iesion 
formation; and 

^ *.v- ^-Ffpets of a morphogen (eg./ 

f D) l » coUagen .» and SB, and hyaluronic 
ac i d ,6C end CD) production » prrmary 
fibroblast cultures. 
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Detailed Description of the Invention 

» no* has heen ^ST^^TL*" 
„orphogens defined ^n^^eJ associated 
5 alleviating the to 

^ ^1^^^ that 
„ rccTfoSo^, en initial tissue injury- 

^ tissue injury occurs whether ^caused* 

b acteria. ^j£££Z*rZ- » ^ 
pfcenomenon, the body s ^ re leased from the 

15 striated. » -ponse ^ s -^ scolarization 
damaged cells (e.g.. f*"*^^. Dnder ordinary 
ot ismmne effector cells is induce cells Rill 

cOT tances these invading "ector ^ 
the infectious agent ^-ff^ces such as 
(through the release of ^11 «g ^ aSmMMl agents 
superoxides, performs, and other an 
stared in granules,, remove the variou9 
organise .through ^^/^te rapid 
biclegical response ^ { ofte n 

adhesion molecules on ™ rtwever , the zeal of 

basal levels. X» some cases however th ^ 
t.ese interacting signals 

are designed to capture J^J^. detrime nt of 
multiplying infectious agents, act 
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surrounding tissue. This a ion and retimes 

^ ^Xorr n^nar: In addition, the 
results in death of we interfere 
5 resulting soar tissue^ for e ra*ple, in 
with normal tissue function as oco - cirrhosls . 
idiopathic pulmonary fibrosis, ibd 

Th e vascular endothelium constitutes ^e f irst 

""Ta^ng celis retires that they bind to the 
vasou rend^tli.1 «US, cross the basement 
„em>rane, and ^^^^ — 

" "TST Without ^ limited to a particular 
degradation. Witho ^ m<jrphogens of tnls 

theory, it is be "^ inflammatory response in 

invention may modulate the ^ e£fecto r 

pert by modulat ^^f^ Milium of blood 
cells to th e lamina side of ^ ^ 

vessels at or near netb0Q reduces or 

^^Te ^XntTilne effector cells at 
prevents the attacnme subsequent release of 

these sites, it also ^tTi^ene effector 

tissue destruct ve agent . ese^ 

£2T 'uecause anient of ^une effector cells 

to the ^»-ri - events the 
extravascularization, ™ 
30 initial or continued entry oi th«^cel g 

35 extravascnlar sites of recent tissue 



20 
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also relates to a — Z^Z ^ 

conned entry of f^Tnflammatory cascades, 

^avascular sites of ongoing ^ the 

as will be appreciated by tBOS contemplated 
, ^rpU- of this invention £°^ onal interaction 
Z Onanisms for ^f ^^Luu, where «- 

of 1— • ^ by means otber than xn 

adbesion molecules are in 

Response to tissue injury. 

Ration,, and foUowi^ the process 
high oxygen <= oncentr ^r D „vides a method for 
of the present j£T in du=ed by iscbemic- 

alleviating the " ssu \ d ^** induced injury 
perfusion in5ury ~ *P«££^ to the afflicted 
casing a morphogen prior 

^vidual a the affected tissue, 

to, during, or ^ "Z^trations may be 
whe re the toric orygen conce ^ ^ ^ 

25 prior to induction. 

contrast to isogenic ^t stimulate 

stimulate tissue (see Example 

30 fibrosis or scar tissue^ o^ inhibiting the 

below.) *« ordln9ly 'tc^ociated with the 
tissue destructive effects asso enhMce 
inflammatory response, t ^ or9ans by 

^rU" rt^-tirof the damaged tissue and 
35 stimulating the regen 
preventing fibrogenesxs. 
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Th e morphogens described ^Y^Ho^elow. > 
epithelial cell proliferation (see Example 10, below., 
This activity of the morphogens also may be 
pa "icularl/useful in the treatment of 
5 other inflammatory diseases that involve eprthelxal 
cell populations. 

Provided below are detailed descriptions of 
suitable morphogens useful in the method . * 



efficacy. 



20 



I. Useful Morphogens 

As defined herein a protein is morphogenic if it is 
capable of inducing the developmental cascade of 
cellar and molecular events that culminate xn the 
formation of new, organ-specific tissue and 
at least the conserved C-terminal sxx cystexne skeleton 
or its functional equivalent (see supra). 
Specifically, the morphogens generally are capable of 
all of the following biological functxons xn a 



WO 93/04692 



- 42 - 



PCTAJS92/073S8 



n f differentiated cells > 

including the "«* taff "? B , us rfu3. in the method of 
De ten. of.how ^^/^ified, as well « a 
this invention first^ were ^ for 

S description on how *° ^f^^ in uS SH 667,274. 
morphogeny acuity are * ^ fUed Augu5t 30, 
filed March U. l' 31 hereinabove 
lM l, the disclosures of whrch ^ tte 
incorporated by f ^ naturelly-sourced 

l0 morphogens may ^ fr0B pro caryotic or 

.naterial or reco-binantly P tlc sequences 

eucaryotic host cells, ^ npve i worphogenic 

15 disclosed therein. 

Eart icularly ^ ^lln 

ooffl0 rise the naturally der^eguenc ^ 

Table II. other useful Pat . 

constructs such as tho se dxsclosed xn ^ 

5,011,691, the disclosure of whrc ^ ^ cQp . 5( 
herein by reference (e.g., COT 1, 
COP-7, and COE-16). 

.=f,tl in the methods 

and compositions of this x tein5 having 
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5 



«» .orpins useful generic 

invention also can be ^-/^LTeouencee X, 2, 3, 

sequences ^.^Tl ' — 
ii e a nd6). Generic sequences 
lUuoetaUeirH-^inus^e^uence 

Cys Xaa Xaa Xaa Xaa (Seq. ID »o. 15) 



1 5 



_ t ^-h helow, compares the amino acid 
10 Tab le ". set forth ^ ^ 
sequences of the active r y including human 

n ave been identified as -W^T^.J OP-1 
op-1 (hOP-l, se,. ID «os. 5 and » ^ nouse 0P _ 2 
( «0M, seq. 6and It ^ ^ 

« (Seq. ID «os. 7, 8. and MM) »■ ^ ^ ^ „ pp 

CBMP2B (Seq. ID Ho. 10 >' B " \ v x (£rom xenopus, 
(Iro mProsophila seq. „ mo . 13), 

seq. ID so. 12), vgr 1 (fro 3J)> 60R 

*1 < fr °» n ° USe ' thiia Seq ID *os. 24 and 25), WIS 
protein (from Drosophlla, Seq. I 

% eg . IDKo. "'. and d ^ JSuy fol owiig the method 
sequences are al xgned e ^L^, 48,443-453, 
of Heedleman et al. |WI (DNASt ar, Inc.) » 

calculated using the U*go ^ a =id in 

tt e table, three dots ^f^^ aold ln nOP-1. 
tint position is the same as the wt in 

-Pirates that no amxno acio « * 
Tnree dashes -dicates purposes of 

» re3id0e ST^r "aXequ^ces in this region 
course, both these a*. C BMP-2A then 

comprise comprises Ser 
comprising Lys and He, wnerea 



20 



25 



and lie. 
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15 BHP5 
BMP 6 



Cjrs Lys Lys 
... Arg Arg 



TABLE II 

His Glu Leu ^ Val 



hOB-1 
mOP-1 
hOP-2 

Atg Arg - 
mOP-2 — & Ser — 

Arg Arg 

OTI "* . Lys Arg His ... — 

Vgl *** ^ ... Gly 

Vgr-1 — **; ^ ... Pro ... 

CBHP-2A •••• * ger ... 

« - S Arg Arg Tyr .... 

BHB3 "* Arg Ala Arg Arg — — 

B *" 1 Gin Met Glu Thr - 

60A ... ... ••• 



Arg 



hOP-1 

mOB-1 

hOP-2 

mQP-2 

DPP 

Vgl 

Vgr-1 

CBHP-2A 

CBHP-2B 

BMP3 

GDF-1 

60A 

BHP5 



Phe Arg Asp 



Gly HP 



Ser 
Asp 
Glu 

Asp 
Asp 
Asp 



Lys 
Gin 
Ser 
Ser 
Ala 



Val 
Val 
Val 
Val 
Val 
He 
Val 



Gin Asp 

Leu 
Leu 
Asp 



Ser 
His 
His 



Glu 
Arg 



35 
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hOP-1 
mOP-1 
hOP-2 
mOP-2 
5 DPP 

Vgr-1 
CBMP-2A 
CBMP-2B 
10 BMP 3 
GDF-1 
60A 
BMP 5 
BMP 6 



Trp He He 

... Val ... 

... Val ... 

Val 

... Val ... 

Val 

... ... Val 



... Val 




20 



Ala Pro Glu 

Gin 

Gin 

Leu 

Gin 

Lys 
Pro 

Pro 

Ser ... Lys 
Arg 

Lys 



Gly Tyr Ala 

Ser 

Ser 

Asp 

... Met 

His 

Gin 

Ser Phe Asp 

... Phe Leu 
Gly 




25 



hOP-1 
mOP-1 
20 hOP-2 
m0P-2 
DPP 
Vgl 
Vgr-1 
25 CBMP-2A 
CBMP-2B 
BMP3 
GDF-1 
60A 
30 BMP5 
BMP 6 



Ala Tyr Tyr 




Asn 
Asn 

... Phe ... 
... Phe ... 



Asn 

... Phe ... 
Phe 
Asn 



Cys Glu Gly 



... His ... 
... Tyr ... 
... Asp -.. 

His ... 
... His 

Ser 

Gin 

Ser 

... Asp ... 
... Asp ... 



Glu Cys Ala 
Ser 

Lys ... * ro 

Pro 

Ser 

Glu ... * ro 

Asp ... ?ro 

Ala ... Gin 
Gin 

Asn 

Ser 

Ser 

35 



hOP-l 
mOP-1 



Pro Leu Asn 



Ser Tyr Met 



Asn Ala 
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Asp ... <** 



hOE-2 — " _ Asp ... cys ... - 

mOP-2 - - Ala Asp His Bhe ... _ 

DPP **• m ^ Glu He Leu ... W 

Vgl "' "** . Ala His 

5 Vgr-1 — — Ala Asp His Leu Ser 

CBHP-2A •-• — aa Asp His Leu ber 

CBHB-2B - - " & Ma Leu ser Gly Ser** . • • 

L6U IS Pro Lys Ser Leu Lys Pro 

BHP3 ""' 9mm Ala His .-• 

10 60A •** *"* "** * . Ala His Het ••• 

BHP5 *** **'.. Ala His Met .•• 

BHP6 40 

n Tie Val &1 Q 011 L8U 

„ hoe-i ~ - 8is ^ n : 

mOP-1 ... Leu ..• ser •** 

hOP-2 *"* *** "[ ... Leu ..• Ser 

mOP-2 *" ^ val •«• *** 

DPP **' *** ... Leu 

• 20 v g i ser - ;;; ... - - 

Vgr-l 
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30 



CBHP-2A *•* **" ^ .... ... 

CBMP-2B ••• * Thr He 

BHP3 Ser *** Va] _ Leu A rg Ala 

GDP-1 Leu — ... ... — — 

60A *** '** *** " ... ... ••• 

BHP5 *** *" * ... ... "' 

BMP 6 



Ser He 



45 



Val His Phe He Asn Pro 



Glu 



Thr Val 



hOP-1 Val H1S ' ... Asp 

m0p - 1 His Leu Her Lys ... Ala 

- 2 Leu Her Lys ... Asp Val 



35 mOP-2 
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len ... Gly Lys ••• 

- Asn a s i: . m ue 

vgl vai net - ;:; 

?8r " 1 "* \" ser Val ... Ser — HT" He 

CBMP-2A ^ Se Val ^ ^ ^ ^ 

CBMP_2B Arg Ala** Gly Val Val Pro Gly lie 

BH?3 g Ala Ala Ala ... Gly Ala Ala 

H6t * Leu Leu Glu ... I** - 

60A Leu Met Phe ... Asp His ... 

BMP5 Tyr ... 

... Leu Met 

BMP6 ..... 60 



hOP-1 

mOP-1 

hOP-2 

raOP-2 

DPP 

Vgl 

Vgr-1 

CBMP-2A 

CBHP-2B 

BMP3 

GDF-1 

60A 

BMP5 

BMP6 



Pro Lys 



Cys Cys 



Ala 
Ala 
Ala 



Ala 
Ala 



Glu 
Leu 



Ala Pro 


Thr 


Gin 






Lys 






Lys 


Val ..• 






Val 




Lys 






Lys 


Val 




Glu 


Val 




Glu 


Val 


Glu 


Lys 


Val ... 


Ala 


Arg 






Arg 






Lys 






Lys 




70 





hOP-1 

mOP-1 

hOP-2 

mOP-2 

Vgl 

Vgr-1 



Leu Asn 



Ala 



He Ser 



Met 
Val 



Ser ... Th r 
Ser ... Thr 
Ser Pro 



Val Leu Tyr 



She 



Phe 

Tyr 
Tyr 
Tyr 
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DPP 

CBHP-2A 
CBHP-2B 
BMP3 
5 GDP-I 
60A 
BHP5 
BHP6 



10 



20 



hOP-1 

mOP-1 

hOP-2 

mOP-2 

DPP 

Vgl 

Vgr-1 

CBHP-2A 

CBHP-2B 

BMP3 

GDP-1 

60A 

BHP5 

BMP 6 





Asp 


Ser 


Val 


Ala 


Met; 




... 








Het 


... 




Ser 




















Met 






Ser 








He 
... 




Met 


Ser 
Ser 
Gly 


Ser 
Pro 


Leu 
Le 


... 
Pro 


... 
... 


.... 


... 


... 


... 




... 










75 








Asp 


Asp 


Ser 


Ser 


Asn 


Val 


He 




Ser 


... 


Asn 


... 


... 






Ser 


Gin 


Asn 


Thr 


... 


Val 


Asn 




Asp 






Val 




Asn 


Asn 
Asn 








Glu 
Glu 


Asn 
Tyr 


Glu 
Asp 


Lys 
Lys 




Val 
Val 
Val 




Glu 


Asn 


Lys 






Val 
Asn 


Let 


Asn 
t Asn 


Asp 


Asp 
Glu 










Asn 











Leu 
Leu 
Leu 
Tyr 



Leu Lys 



Arg 
Arg 



Arg 



hOP-1 
mOP-1 
hOP-2 
oOP-2 

DPP 

Vgl 

Vgr-1 

CBHP-2A 



Lys Tyr Arg 



Asn Met 



His 
His 



Asn 
His 



Gin 
Glu 



Gin Asp 



Val Val Arg 

... L ? 5 
Lys 

Thr ... val 
Ala 
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CBMP-2B 
BMP 3 
GDI-1 
60A 
5 BMP 5 
BMP6 



Asn 
Val 
Gin 



Gin Glu 
Pro . . . 
Glu Asp 



Trp 



Thr 
lie 



Glu 
Glu 
Asp 
Lys 



hOP-1 
mOP-1 
hOP-2 
mOP-2 

dpp G1 y 



15 Vgl 



Ala Cys Gly Cys His 



• Arg 

Glu Ar * 



Vgr-1 

CBMP-2A Gly Arg 

CBMP-2B Gly ATg 

Ser ... Ala ... Arg 

Glu Ar S 



BMP3 
GDF-1 
60A 5er 
BMP5 Ser 
BMP6 



1UU 

M Be»eeu residues 56 and 57 of BHP3 is • 

betveen residues 43 and 44 o£ GDF-1 lies 
the amino acid sequence Gly-Gly-Fro-rro. 



30 As is apparent from the foregoing amino acid 
30 sequence comparisons, significant amino acid changes 
can be made within the generic sequences while 
retailing the monogenic activity For 
tbe GDF-1 protein sequence depicted „ Table 
35 only about 50% amino acid identxty wxth the hOPl 
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_ _ ^-ein the GDE-1 sequence shares 
sequence described ^erein^ biology (or 

greater than 70% amino acid ^ ere „ horaology » 

'similarity") with th e hO ^^^^ ^ino 

Res. W% Washington D.C 1979.) 

having greater th an w sequence 
^ 65% identity, with * e °* sKeleton of hOFl 
defining the conserved six cy ^ ^ ^ nost 
(e.g., residues 43-139 « and species 

preferred sequences include includ ing the 

variants of the OP-1 end OP-2 protein , 
Dr osophila 60. mor phogens 
preferred aspect the xnventxon i ^ ^ ^ 
comprising species of polyp » heretn a s 

generic ^Xr,^ skeleton and 
«0PX», whxch defines ™ ^ ptween the various 
acetates the ^^flToW proteins. OPX 
identified mouse and buman DPI descrli)ed therein, 
is presented in Seg- ™ ^^entiy is selected 

each xaa at a given positio corre sponding 
from the residues ° cmr "f o£ ra0 use or human 



20 



25 



pOSli-i" 11 ■»•*» 

OBI or OP2 (see Seq. ID Nos 

30 16-23). 



WO 93/04692 



- 51 - 



„. ronoulations and Methods for Administerina. 
Therape" +ie Agents 

The *orphogens nay be provided to en £ 
locus) or sys« j orovide d parenterally, 

so that in addition to delivery ox the desired 

ond volune balance, "norl" ph'i S ,1= saline 
„ .norpbogen thus »ay comprise ^.*^'. olotlalI 

cdhmu" 5J ethanol containing 

dissolving the protein in 50% etBa "° i or 0 . 1% 

acetonitrile in 0.1% trif luoroacetic acid (W 
,3 HC1, or equivalent solvents, one £»e * 
resultant solution then is added, for examp ^ 

r resultLt - be »ade 

pro domain of the morp «, endogenous 

35 ^rsi^-t^- - - — 



PCTAJS92/07358 

WO 93/04692 - 52 - 

•r .enable of enhancing solubility and 
mother molecule capable o^en^ on ^ ^ 

particularly ^J^^Tot 0.2% casein increases 
casein. For example, add ^°" op . x by 80 %. 

solubility of ^% ma 7 e J^\X various serum 
5 other components found xn mxlk and/or 
proteins also may be useful. 

^ narenteral administration may 
useful solutions for parencetox 
Useful sox well ^ the 

be prepared by any example, in 

glycol, oils of "«"»° porma iations for direct 

15 napntnalenes, and ■ glycerol and 

polymers, and i"*"* 5 '* y lease o4 the 

osei ul orients « "^f^ useful parenteral 

-■ 
sEr « — - ^tnyTr. 

30 « oily 

drops, or as a gel to be ««anasal y 
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— ~— • - ~ tric 

acid «or vaginea administration. 

Suppositories for rectai administration^ may be 
preparfd by mixing the -J^XS* such 
aUmuiatin, agent wr^s — ^hich Le soiid 

" ST^^. - ^ at body temperatures - 

nations for ^J^^Z^ 

'ZZ r^al. For topical administration to 
TlZLl tissue surfaces, the morphogen may be 

^containing formulations, may be used. 

Alternatively, the morphogens described herein may 
. . I . „,ailv oral administration of 
T^TltZ^s generally is - 
TJSr rthrmZ^ dlgeTtlfsyr before they 
can fabs^into the bloodstream ^ 
cogens oescribedherein typxc^e acid 
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tes _ ***** - sr- 

^ 57 . d ay milk- Moreover, ^ °* aetiYe . 
^ g iand extract ^ *~ 
Specifically, thi. protean induce^ * in 
5 formation in nazals w ^ ^^ferial, using a 
association with a suitable matrix ^ 

standard in viyo *> - « 8 «^, ^ „orphoge» aleo 
U.S. Sat.HO. 4,968,590. nor soluble form 

• is detected in the Woodstream. ^nally, ^ 
10 morpbogen, e.g., "^^^ «»^ s 

indicate that oral an » ^hogens to an 

viable means for £ forms of 

individual. » " Ml ^ jTL, el n typically hre 
15 certain morphogens ^"^j^"™ found in milk 
sparingly soluble "o lostrum, is readily 

(and mammary gland e5ctrac1: . a " the ^ture, 

soluble, probably by association ofthe 
^rphogenically active Association 
20 domain of the intact "^Lccrdingly. the 

with one or more f^^ly be associated with 
SS SSr^S^- -ir solubility » 



vitro or in vivo- 



solution may be used to^ad vantage - 
solutions Known in t» art nclu 

Wisconsin ^'^^ger-s solution. Generally, an 
solntion and lactated Ring possesses one or 

organ preservation .^"'f Y „ osmotic 
note of the following propert ies> ( I ^ rf a 

pressure substantially equal to that of 
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mammalian cell, (solutions typically are hyperosmolar 
and have K+ and/or Mg++ ions present in an amount 
sufficient to produce an osmotic pressure slightly 
higher than the inside of a mammalian cell? (b) the 
5 solution typically is capable of maintaining 

substantially normal ATP levels in the cells; and (c) 
the solution usually allows optimum maintenance of 
glucose metabolism in the cells. Organ preservation 
solutions also may contain anticoagulants, energy 

10 sources such as glucose, fructose and other sugars, 

metabolites, heavy metal chelators, glycerol and other 
materials of high viscosity to enhance survival at low 
temperatures, free oxygen radical inhibiting agents and 
a pH indicator. A detailed description of 

15 preservation solutions and useful components may be 
found, for example, in US Patent No. 5,002,965, the 
disclosure of which is incorporated herein by 
reference . 

20 The compounds provided herein also may be 

associated with molecules capable of targeting the 
morphogen or morphogen-stimulating agent to the desired 
tissue. For example, an antibody, antibody fragment, 
or other binding protein that interacts specifically 

25 with a surface molecule on cells of the desired tissue, 
may be used. Useful targeting molecules may be 
designed, for example, using the single chain binding 
site technology disclosed, for example, ut U.S. Pat. 
No. 5,091,513. 

As described above, the morphogens provided herein 
share significant sequence homology in the C-terminal 
active domains. By contrast, the sequences typically 
diverge significantly in the sequences which define the 
pro domain. Accordingly, the pro domain is thought to 
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specific. As described above, tt is also 
be morphogen- specx*.^. t( . a -4.*ftad to date 

, i-hat the various morphogens xdentxf xed to 
known that -cue VQJ " . . . -F-FoT-ent tissues , 

are differentially expressed in the dif ferent ti 
tccordingly, without being lifted to any given theory, 
TuuiZr fat, under natural conditions in the 

U seTeld morphogens typically act on a given . 

. iv^^n-r-ri-Ltialv, part or all of the pro uo««* 

^'J^T£2£~ associated with the active 

of the morphogen in solution, may serves 
Lrgeting -olecules for the morphogens described 
r!!^ For example, the pro domains may interact 
fcereiu. For examp , Mlecule! at the target 

SPSCX IT dlrec^e morphogen associated with the pro 
n°n « ^tissue. Lcordingly, another useful 
^"g macule for targeting morphogen to a tissue 
oTinterlt is part or all of a morphoge, >pro dome n^ 
For example, part or all of the pro domain of GDF 
6 e used to target a morphogen to nerve tissue. 

. -, nr all of the pro domaxn or 

with bone tissue. 

the morphogens described herein ere useful for^ 
5 providing neuroprotective effects to alleviate neural 

li— »« «- — - «S 'iU, 

nerioheral nervous system (ENS), iae P« j 
the SSons through which the electric impulse is 

.=rt=rsr=sr===- 
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»nd the glial cells surrounding end associeted 

tissue injury may follow trauma to nerye tissue, 
caused, for erample, by an autoimmune including 
5 autoan^ody, dysfunction, neoplastic 

infection, chemical or mechanical trauma, or other 

!^v'o« at least part of the damage assocxated 
STTSSr - » -ain tumors also appears to 
U be ideologically related. Application of the 

capable of stimulating morphogen egression and/or 
25 as during surgery or other ^gressave clinical 

rtr^ro;^^ 

effect to the nerve tissue at risk. 

Where the morphogen is intended for use as a 
therapeutic to alleviate tissue damage associated witn 
r^une/infla-atory condition of the CHS, » 
additional problem must be addressed: °™"°»£^ e 
so-called "blood-brain barrier", the brain capillary 
35 wall structure that effectively screens out all but 
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- -^.-sr . blood ' 

blood-braxn b«rx*r ™ or Borpho gen- 

direct infusion of the »orp * ftlterna tively, the 
5 stimulating agent xnt^ ■ ^ be 

borphogen or »°^° 9 £ s S ^ nsport across the 
mo dified to enhanc. xt t« foms £ 
blood-braxn barrxer. *o lating agen t may be 

the morphogen or morpbogen or 

10 most successful. WW ^ V ^' be modified to render 
^orphogen-st^txng agen^ ^ 

it more lipoptaxlxc, or xt m * across the 



, 4,801,575. 
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25 



the morpbogens f ~ SSfE^* 
agents provided herein ^^xnxst ^ ^ beneficlal 
coffi bination »itb other nethods described 

to tbe treatment c ^o S ttxo«a Coagulants, 
herein, including, btt \*°* , salicylic acid, 

fre e oxygen ^^xa^Sry' agents. Psorieis 

«"«ent, *inc oxide and retxnoxds. 

Ibe compounds ^ided Wn^or^ted 

in to P^-f Cal =^lf nontoxic excipients and- 
phar^ceutically acceptable » ^ be 

^•for^erraoministration. particularly x 
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Ttmiid solutions or suspensions; for oral 
the form of liquid soxu tablets or 

powders, nasal drops, or aerosols. 

A. oppositions can be formulated for P*"""" 1 
or 0 Z a Jnistration to = o r ~- — ^ 
therapeutically effective amounts, e.g., am 
Ude appropriate^ Rations for^ ^ 

° ^Stt^tl-W response, includin, 
rraX Tissue in anticipation of 

as will be appreciated by those skilled in the art, 
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5 



10 



15 



morphogen induced pathological lesions are induced when 
ZZre morphogen (e.g., OP-1, 20 „) is administered 
daily to normal growing rats for 21 consecutive days. 
Moreover, 10 pg systemic injections of morphogen (e.g., 
OP-1) injected daily for 10 days into normal newborn 
mice does not produce any gross abnormalities. 

in administering morphogeny systemically in the 
methods of the present invention, preferably a large 
volume loading dose is used, at the start of the 
treatment. The treatment then is continued with a 
maintenance dose. Further administration then can be 
determined by monitoring at intervals the levels of the 
morphogen in the blood. 

Where tissue injury is induced deliberately as part 
of, for example, a surgical procedure, the morphogen 
preferably is provided just prior to, or concomitant 
with induction of the trauma. Preferably, the morphogen 
20 is administered prophylactically in a surgical setting. 
Alternatively, an effective amount of an agent 
capable of stimulating endogenous morphogen levels may 
be administered by any of the routes described above. 
For example, an agent capable of stimulating morphogen 
25 production and/or secretion from cells of affected 
tissue and/or transplant tissue may be provided to a 
mammal, e.g., by direct administration of the agent to 
~ tissue to be treated. A method for identifying and 
testing agents capable of modulating the levels of 
30 endogenous morphogeny in a given tissue is described 
generally herein in Example 15, and in detail in 
copending (JSSN 752,859, filed August 30, 1991, the 
disclosure of which is incorporated herein by 
reference. Briefly, candidate compounds can be 
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10 



identified and tested by incubating the compound xfi 
IT, with a test tissue or cells thereof for a txme 
violent to allow the compound to affect the 
Reduction, i.e., the expression and/or secretion, of a 
Lrphogen produced by the cells of that txssue. 

For purposes of the present invention, the above- 
describee morphogens effective in alleviating tissue 
damage associated with xschemie-reperfusxon injury (or 
the agents that stimulate them, referred to 
collectively herein as "therapeutic agent") are 
administered prior to or during the restoration of 
oxygen (e.g., restoration of blood flow, reperfusion. > 
Zre treatment is to follow an existing xn 3 ury, the 
15 t^apeutic agent preferably is an 
intravenous infusion provided acutely after the 
hTOOxic or ischemic condition occurs. For example, the 
5Ta eutic agent can be administered *J*£^ 
infusion immediately after a cerebral «* aretl °"' * 
20 myocardial infarction, asphyxia or a cardxopulmonary 
arrest. Where ischemia or hypoxia injury xs 
deliberately and/or unavoidably induced as part of , for 
example, a surgical procedure where circulatxon to an 
organ or organ system is de lib erat ^ -d/or 
" SS^rST ^ o B rgan —anting, 

wito reduction of oxygen to the tissue, P"ferably, 
30 £ morphogen is administered prophylactxcally in a 
surgical setting. 

Similarly, where hyperoxxa- induced injury already 
u „^„^d the morphogen is administered upon 
35 fi^rVer: hyperoxia injury may be induced as. 
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5 



^rX ^e^lc agent prefers is 
^ter^prior to administration of e.g., 
propaylactxcally. 



10 sample 1. xdent*icetion^^ 
Tissue 

• ^ tissue distribution of morphogens 
^^f^^ntfferent morphogens expressed 
may be used to xdentxxy ox identify n ew, related 

SX^« ffi -pr= toi n S tissue for use in 
identxxy u ± cand idate morphogen- 

be low. ror exou* tern blot analysis or 

determined using standard western » Lc 
tanonofluorescent techniques, and «*» sijdlarly , 
to the morphogen or morphogens of interest, s 
^ dL^ihution of morphogen transcripts may be 
S eXo using standard Northern Ration 
protocols and transcript-specific probes. 

toy probe capable of hybridizing specifically to a 
sequence homology in thexr actxve, 
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the tissue distribution of a specific »»«*ogen 
Script may best "S^-. 

and/or we « non-coding region 

fragment, a .65 »P * , + . h _ u-terroinus of the 

the untranslated pro reckon "^^^ 86l4554 - 
mature sequence (see Lyons et al. (1989) 3L. - 
«58 for a description of the cDKA sequence). 
U 22l iv particularly useful »OP- 1; specific probe 
sequences are the BstXl-Bgll fra^ent, a^0.68 Kb 

sequence that ^"^"^ragmTt a 0.2 Kb 
sOP-1 pro region-, a StuI StuI fragm ' in . 

&™^ : 

" human or mouse OP-2 (Seq. ID Hos. 20 and 22.) 

„sin, these morphogen-specif ic prohes, which nay be 
synthetically engineered or obtained *~££L* in 

murine tissues < ^ 9 .stlndard methodology 

brain, thymus and stomach) by a stan ,, 19S7 , 
sues as by the method of ChomcsyasK! et al. ((1987, 
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chromatography (••9-. W . ^ (generally 15 W ) 
Biotechnology, Inc.)- mx ' « ' 

is fractionated on a 1* 
from each tissue is rra ^ to a N ytran 

ag arose/formaldebyde gel and « ans *« ^ 
m^rane (Schleicher . Schueil). Folio , ^ ig 
transfer, the membrane is baked at 80 C <x ^ 
cross-linHed under uV light generally 30 seco 
W,. ~ior to carried 
is denatured by beating. The hyn 

out in a incite cyU^» »™£ Lr ap^imateiy 
are r tUS af37-c r u SgThybrlLation mi, of 40* 

15 hours at 37 C using i 

formamide, 5 x Denhardts, 5 * SSPE, and 0 

Following hybridization the "°»;^ ci *~ SDS at s0 , c . 

washed off the filters in 0.1 x SSPE, 

_p.es demonstrating the ^^^^ 
va rious morphogens,^=lu ng vgr . 0^1,^ ^ 

•"'*' BOT5 '^ ;eo1n -pending USSN 752,764. and in 
tissue are ^° s ^ Biophys, See. Commn- 

Oskaynak, et al., l»» J - ~r al C1992V (JBC, 

SCe^e. using the general probing 
mtcnodology bribed herein northern* lot 
hyb ridi*ations -art, liver 

morphogens to probe brain, sp lated tis sue 

an d Kidney tissue i— ^ ^ 

appears to be the penary ^ secondary 

with ^ JTi-Sw identified in salivary 
T" oec'if i~Uy rat parotid glands, using this 
« — appears to be the 
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primary tissue expression source for ^>"°*'£V 
B^3. Lower levels of Vgr-1 else ere seen in kidney 
heart tissue, while the liver appears to be a 
secondary egression source for BMP5, and the spleen 
apP ears to be a secondary expression source for BMP4. 
£U appears to be expressed primarily in brain 
tissue To date, OP-2 appears to be expressed 
p/iTrily m early embryonic tissue «-«i^ 
norther blots of murine embryos and 6-day P ost ^ 
animals shows abundant OP* expression in 8-day embryos. 
Session is reduced significantly in 17-day emhryos 
and is not detected in post-natal enimals. 

Example 2. £ctive Morphogeny in Body Fluid s 

OP-1 expression has been identified in saliva 
(specifically, the rat parotid gland, see *xa»plel). 
iSa» blood serum, and various milk forms including 

extract, colostrum, and 57-day bovine 
mammary gland extract , =° 923>780( the 

milk. Moreover , and as descr-u^ 
disclosure of which is incorporated herein by 
reference, the body fluid-extracted protein is 
morphogenically active. The discovery that the 
morphogen naturally is present in milk and «l iva ' _ 
, «g!tber with the known observation that mature, active 
OP-1 is acid-stable and protease-resistant, indicate 
that oral administration is a useful route for_ 
therapeutic administration of morphogen to a 
£al administration typically is the preferred -ode of 
0 delivery for extended or prophylactic therapies. In 
addition, the identification of morphogen in all milk 
^ including colostrum, suggests that th, = protein 
»ay play a significant role in tissue development, 
including skeletal development, of juveniles. 
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2.1 Morphogen Detection in Milk 

OP-1 was partially purified from rat mammary gland 
extract and bovine colostrum and 57 day milk by passing 
5 these fluids over a series of chromatography columns: 
( e.g. f cation-exchange, affinity and reverse phase). At 
each step the eluant was collected in fractions and 
these were tested for the presence of OP-1 by standard 
inmunoblot. Immunoreactive fractions then were 
10 combined and purified further. The final, partxally 
purified product then was examined for the presence of 
OP-1 by Western blot analysis using OP-l-specxfxc 
antisera, and tested for in vivo and in vitro activity. 

15 OP-1 purified from the different milk sources were 

characterized by Western blotting using antibodxes 
raised against OP-1 and BMPZ. Antibodies were prepared 
using standard immunology protocols well known xn the 
art, and as described generally in Example 15, below, 

20 using full-length E. coli- produced OP-1 and BMP2 as the 
inmrunogens. In all cases, the purified OP-1 reacted 
only with the anti-OP-1 antibody, and not with 
anti-BMP2 antibody. 

25 The morphogeny activity of OP-1 purified from 

mammary gland extract was evaluated in vivo essentially 
following the rat model assay described in U.S. Pat. 
No. 4,968,590, hereby incorporated by reference. 
Briefly, a sample was prepared from each OP-1 

30 immunoreactive fraction of the mammary gland 

extract-derived OP-1 final product by lyophilizxng a 
portion (33%) of the fraction and resuspendxng the 
protein in 220pl of 50% acetonitrile/0 . 1% TFA. After 
vortexing, 25 mg of collagen matrix was added. The 

35 samples were lyophilised overnight, and implanted xn 
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.»= (Charles River Laboratories, 
MD9 Evans rats <^* le Each frac tion was 

Wi^ington. 28 ^ detalls ox the collagen 

planted in duplicate, re exam ple, U.S. 

^tris implantation proced ure, see, » ference . 
5 pat. Ho. «,9.8, 59 0 here* r and evaluated 

10 active. 

2.2 Morphogen Detection in Serum 

H^t-eeted in serum using morphogen- 

4«« a« affinity column to wmcn u« 
performed using an affinity which 
morphogen-specificantibody is b ^ artract 

tte sample serum ^'^9» then is 

^ ^rpnogen o «ter«t. on ^ ^ be da t e rmined 

Really by determining - 

j '4-4^6 first with a control (e.g./ 
elution conditions first wix fflnroh __ en . , Fractions 

purified rr: n orUn by 

then are tested for the P confirme d by 

5 tandard i^nunoblot, ^ ^ the affinity column 

H -terminal sequencing. Prefe ran y, 

is prepared using monoclone "^°£ d then may 
concentrations in serum or other J t 

be determined using standard protein quanti *~ 
technics, including by ^f^" 
or by quantitation of con:ugated antibody. 
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Presented below i- » ^Tchis enerel 

identifying «-X in "^ns »vTe detected in body 
m ethodology ""T xL identification of 

fluids, mdoding T £ dica tes that systemic 

rao rphogen in "™. f ^ST— for providing 
a^istration is > suitab hogen to an 

therapeutic concentrations or 

^dividual, and that -ffST^. Finally, using 
svs te»ieally as endocr^e-UKe ^c morphogen 

ttiS ^t'det^td thefe altered levels nay he 
levels can be detecte . ^ slu „ction. 
used as an indicator of tissue ^ levels „a y be 

Alternatively, fluctuations in M ^ ° lp tion levels, 

jessed by S^T- 
either by standard northern ^ i<a , uslng . 

„ Example 1, orbyS ^ y ^ idizi ng specifically to 
labelled probe ^f^J ^ hybridisation 
SS ST^STf- the art and described 
generally m Eremple 1. 

0P -1 was detected in human against 
following assay. * 'using stendard 

mairaialiaIl , reco^lnantly produce^ ^ ^ ^ 

oology techni^ was mobilised by 
described generally in Eremp ^ va ted gel 

pessing the antibody over s^ ^ torLeSl Richmond, 
"e.g., Affi-Gel", "° ^erer's instructions, end 

<*> spared following ^ufac-^ ^ ^ _ 

used to purify OP 1 rro ^ 
pessed over the fractions then were 

K-thiocyanate. 7 . 0 , applied to a C8 

dielysed in 6H M 25 - 5 ° % tlv 

"■S^ » Stlrldfent. -ture, recombinant* 
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produced OP-1 homodimers elute between 20-22 minutes. 
Tractions then were collected and tested for the 
presence of OP-1 by standard immunoblot using an OP-1 
specific antibody as for Example 2. A. 

Administered or endogenous morphogen levels may be 
monitored in the therapies described herein by 
comparing the quantity of morphogen present in a body 
fluid sample with a predetermined reference value, for 

10 example, to evaluate the efficiency of a therapeutic 
protocol and the like. In addition, fluctuations in 
the level of endogenous morphogen antibodies may be 
detected by this method, most likely in serum, using an 
antibody or other binding protein capable of 

15 interacting specifically with the endogenous morphogen 
antibody. Detected fluctuations in the levels of the 
morphogen or endogenous antibody may be used, for 
example, as indicators of a change in tissue status. 
For example, as damaged tissue is regenerated and the 

20 tissue or organ's function returns to "normal and, in 
tne absence of additional tissue damage, lower doses of 
morphogen may be required, and a higher level of 
circulating morphogen antibody may be measured. 

25 Example 3. Effect of Morphogpn *ft P r the Onset of 
+Vi«» ischemic P rocess 

The cardioprotective effect of morphogens following 
ischemic-reperfusion injury in a mammal can readily be 
30 assessed in a rat model. In this example, 

{e g , OP-1) is administered just prior to the onset of 
the ischemic process in experimentally-induced 
myocardial infracted rats, essentially following the 
method of Lefer, et al. (1990) Science 249. 61-64 and 
(1992) J Mol, CgljU Cardiol. 24 : 385-393, the 
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..closures - which - r^STSi? function 
reference. Briefly. los J ^ assayeS by 
following ischemia „ eatine Mnease activity 

5 sin:—.*.—". 

^ooa^ali^aro^ontMI)- ^ wcoronary 

„ minutes a«er ecolesxon to a ^ „ „ erein as 

perfusion, a*. «»* f« A second group 

tbe ■•myocardial infarcted (HI th at tbe 

15 of rats underwent the P ^ „ 0 

coronary artery was The second group of 
-TZSZZZr^* ..sham myocardial 
"Tarcted group" (S«K «)• 

„ of rats , the HI group of rats. 
The first group of rats, 2fig of 

further was divided into tbree s P lnt0 the 

m orphogen ««-« ^ t- . ^ 

first sub-group 01 * ^ the second sub- 
iamediately before re S^ tt injected 

^ hearts were removed 
Twenty-four hours later ^bear ^ 
fr0 m all of tbe «-V^ infarcted region, and 
35 Sr^I^ sepU .tne control 
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nonischemic region) were determined by standard means. 
By comparing the difference in CK activities in both 
regions, the amount of CK activity lost from the 
infarcted region was used as an index of cardiac 
5 cellular injury to the infarcted region. 

As shown in Figure 1, the data indicate that 
morphogens (e.g., OP-1) can provide significant 
cardioprotective effect when provided to ischemic 
10 tissue, in the figure, CK loss is graphed as the 
difference in specific CK activity between the 
interventricular septum and the left ventricle. 

The loss of CK activity by the subgroup of MI rats 
15 which received 2 pg of OP-1 just before reperfusion 
showed some protection as compared with the control Ml 
rats which received injections of vehicle alone, when 
the levels from both subgroups are measured against, 
and compared to, the levels obtained for the SHAM MI 
20 control. Significant cardioprotection was observed in 
the subgroup of Ml rats which received 20 //g of OP-1 
immediately before reperfusion as compared with the 
control MI rats which received injections of vehicle 
alone, when the levels from both subgroups are measured 
25 against, and compared to, the levels contained within 
the SHAM MI control. 

These data indicate that OP-1 offers significant 
cardiac protection when administered after ischemia and 
30 before reperfusion. 
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•* t ion of this example also may be performed 
A variation or *r induction of 

prior to ischemia. 

, a 1 r ^rocardiaj Tnfarcted 

like acetylcholine (ACh) and 

Ration -^^STS ischemic 

the reperfused hearts are are treatment, 
RC h or mo. m the absence of .JJ ^u^, 
injured tissue should induced 

reperfused hearts. 
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Accordingly. « Hits 

(250 .33o ™;j^£;jtj:z«,~^ 

ea ° h ' as described in Example 3. The 

infarcts (SHN» m) « « isolated as 

5 he arts of the ^^"^as injected 

£ollows! one set of twel ^ i3olation of 

intravenously with injected 

the heart, another se of rat. ™ ^ ^ 

ravenously with «H of up of Mas 

10 isolation of the heart , t Tbe rats 

injected with **ifV°^ h < ^ tob «*ltal sodium 

then were anesthetized with P«"» a were i30la ted 

( 3 5 . n9 ^ .JXZZtZZZZZ* - a constant 
and perfused by the bang Krebs -Henseleit 

solution (Aoki et al. <W8^ - d ^ wo 

Bach croup of rats ^e ^ ^ 

ZZZZZ^V^JZ. one - 
vasodilating agent 3 minutes later^ suhg ^ 

15 nmol ACh; subgroup 2 15 nmol neasnred a s 

in coronary perfusion pressure (CP*) le 

ToTi ^Vererf"; ^1^1 ,0 minutes, 
as described above. 
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Df these experiments are shown in FIG 
». results of the* e P ^ ^ gave 

2 . Before the xs=he»xo^vent^ vents _ ^ 

normal vasorelaxant results ^ 9hoMed 

which recexved OE-1 24 hour p heart9 
en approximately response to ^ whx ^ 
whi ch received 0,-1 2 received vehicle 

55% response to ACh. Xhe gro p ^ 
aione showed a 4C% response ~*^» 
control group which was not » This 

showed an «* ^ ~ ^Slaters exert a 

shows that ^ following ischemia and 

reduced vasodxlator respon^ 

reperfusion in the rat near d(mt dilation 

significantly preserved e^othelx^ depan ^ 
, when provided 24 hours prxorto xndu ^ 

Bohemia » ^induce* 
response to the direct initial in hearts 

Z^TuTZTZ xOO* of initial nonischemic 



hearts. 



Hrample S. sff*^"*^^ 

, of neutrophil adherence in endothelium 

!5 «^-*=«=^~ - ---- 
^^darT^TrpSlrerr n/utrophil ^0 
S^TSS such^s described in £ er et^ 

30 hereinabove by «~»V ^ lated from rats 

superior mesenteric ^ery ^ere ^ 
which had either been treated « * o£ 
, g) or ».» Naci, 24 h F^^t into transverse 

35 rn^f rursr- — - — 
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cut open and incubated in K-H solution at 37-C pH 7.4. 
Neutrophils were prepared and fluorescently labelled 
X standard ~^™"J£ZZZ,~» 

gradient centrifugatron, and labelled by t 
Yuan et. al. (1990) Mirrovasc Res «0» 218 229.. 

Labelled neutrophils then were added to open ring 
baths and activated with lOOnM leukotriene B 4 (LTB 4 ). 
Rings were incubated for 20 minutes and the number of 
neutrophils adhering to the endothelial surface then 
determined visually by fluorescent microscopy. 



As shown in Figure 3, -stimulated P»Hs (i.e.^«Hs 
alone) added to the baths did not sxgmf gently adhere 
to the vascular endothelium. In rings taKen from rat. 
injected with 0.9% KaCl. activation 
LTD (100 nM> greatly increased the number of WW 
adherent to the endothelium (P<0.001). OP-1 (20 „ 
administered 24 h prior, significantly rnh brtod 
adherence of PMNs activated by (»<€.01 from 

control ) . 

-ample 6. ~ «- M "^° f ° r T-^emir-Reperfusion 

EXamP 6 j h„ j LU--T, — "enal 

Tissue * 

Other tissues seriously affected by ischemic - 
reperfusion injury include neural t.ssue, renal txssue 

a i„no tissue. The effect of morphogens on 
deviating the ischemic-reperfusion injury in these 
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, F0 r erample. - 
provides a useful ^J° r f ^ ing ^rebral 
-orphogens en tissue »£f ^ol Lelosed belo. is 
ischemia-reperfusion. » P w) ^^gj^of 

essentially teat °* osur e o£ which is herem 

.0 ^e white Hew -gland 

iucorporated by re£e " iie4 and placed on a 

rabbits r c i«ulation teen is 

respirator. The 1Iltrac ™ se ldinger technique, 
selectively <ff^*^L is performed, 
15 Baseline cerebral »^»PJ onroit _ 

employing a or its tranches then is 

internal carotxd artary ^ 18 -hour-aged 

selectively embolxsed wxth ^ lon is documented 
autologous thrombus. a£ter embolization. 

2 „ by repeat angiography cerebral infarcts (15 

Mter a time suffxcxent indace d by 

.sinutes or 90 -mutes ) , rep erf suc h as 
administering a ^J^^X* °™ 2 

the IPA analogue Fb-FB-CF (e.g 



25 minutes) . 



30 



ae effect of morphogen on ------ ~ " 

assessed by administering Preced ingo r 

ra orpnogens, e.g., 0F1, at a Ite rabbrts 

following ^ oU «"!: v f Post Xisation and their 
are sacrificed 3- 4 ^/^ gtcal 
brains prepared for neurop foOTallJ1 
firing by immersron xn 10. neu 
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for at least 2 weeks. The brains then are sectioned xn 
a coronal plane at 2-3 mm intervals, numbered and 
submitted for standard histological processing xn 
paraffin, and the degree of neutral tissue necrosxs 
5 determined visually. 

The renal-protective effects of morpbogens on renal 
ischemia-reperfusion injury readily can be assessed 
using the mouse model disclosed by oaeliette, et al. 

10 (1990), .t. Clin, invest. 85:766-771, the disclosure of 
which is hereby incorporated by reference. Briefly, 
renal ischemia is induced surgically in 35-45 days old 
out-bred Swiss male mice by performing a standard rxght 
nephrectomy, and occluding the artery to the left 

15 kidney with a microaneurism clamp for 10-30 minutes. 
Morphogen then may be provided parentally, at varxous 
times prior to or following occulsion and/or 
reperfusion. The effects of morphogen then may be 
assessed by biological evaluation and histologxcal 

20 evaluation using standard techniques well known xn the 
art. 

The tissue protective effects of morphogen on 
tissue exposed to lethally high oxygen concentrations 

25 may be assessed by the following procedure. Adult rats 
(275-300 gms) first are provided with morphogen (e.g., 
hOPl) or vehicle only, and then are exposed to **'*** 
oxygen essentially as described by Rinaldo et al (1983) 
Rgu Rev. gegE ir^ Pis. 130:1065, to induce hyperoxxa. 

30 Animals are housed in plastic cages (38 cm x 48 xm x 21 
cm) . A cage containing 4-5 animals is placed in a 75 
liter water-sealed plexiglass chamber. An atmosphere 
of 96-98% oxygen then is maintained by delivery of 0 2 
gas (liquid 0,). Gas flow through the chamber is 

35 adjusted to maintain at least 10 air changes/hr., 
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gas analyzes- 

induced by the clivers at the 
10 cell-mediated damage . The numbe ^ 
end of the challenge » « by chl - sq „are 

eo-P-* "^r^anrthe^vlng animals 

r ^ — ~ — icai 

15 processing of lung tissue. 

" - „ f of histological processing is fixed by 
^ It D uffetS formalin through a tracheal 
infusion of 10% buffered 

cannula at a constant ~ lobe are 

inflammatory response. 

Example 7. M eSS-SB -^ition of Cellularand 
^ ri^lTnilamr-"™ Response 

herein inhibit multinucleation 
Morphogeny descried herern conditions where 

rponae to a tisane in*. ^ th^resenc ^ 
foreign substance. For example, in tn 
Lrphogen, an implanted substrate materral (e.g 
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j -f for example / 
panted subcutaneous 1,) ^£"2. lUaniu* o*ide or 
■iU^ ' • Xn r o"Ss multinucleated giant 
any other substrate ^ * °»es surrounded by 
cell formation, rapidly beco actlvated phagocytes 
; m ultinucleated giant «" s ' ^ the fore i,n object, 
stimulated to respond and ^ 5 £°* the recra ited 
In tte presence --J*^ precotsor form and 
cells remain in the" » ^ Figur e 4 

the metri* *»« riaX ^rphogens. in * schematic 

iUustrates this effect °* » ^ of . titan ium o»de 
representation of hlst ° 10 !\. ously . in the figure, 
substrate W***£>%Z TeUs and means 
„ Bg .. m eans mononuclear gia Represented in Fig. 4B was 
osteoblasts. The substrate rep ^ ^ 

« planted together with morp^og n^, ng ^ 

formed osteoblasts are evident ^ represen ted in 

sub strate. ^ ^^^rphogen and extensive 
p lg . 4* was implanted wit ^ evident 

mul tinucleated 9^ "^. Accordingly, the 
surrounding the aubstrate. ive bo ne mass 

£ include inhibiting activation 
loss in a mammal also may 
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of these cells. 



OI WJB»« 

In addition, the tZ^^JZZZ. 
suppress antibody f 0 *"^ specifically, when 
a foreign antigen in a Ranted in a 

bo vine bone «-^f» "antibody response to the 

bony site in a rat, a stands det8CT i»ed by 

,0 collagen is striated in the ^nts 

standard anti-bovine =°" a S e » „ eelt interval 

performed on blood samples and 20 we eXs.) 

following implantation ^ measare d by EMS* 

serum anti-collagen de scribed by 

35 essentially following the pro 
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„ i iT9BB\ PNAS 83f7443-7446, the 

disclosure of which " * throughout the 

reference, increased consis J ^ lmted 
experiment. However, ween the dispersed in tne 

mtt " end adsorbed ^.^vine collagen 

ability of morphogen to suppress aX leviating 
is further -»~£Z%X£Z> " 

arthritis. 

, a Morphogen Brotection of fnst ro intestinal 
Tnf lamination - 
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- T^iS"£S^Si of the 
20 inflammatory dxsease waxcu » _ _ radiation 

^cosxtxs »xrror tho demonstretes morphogen 

n ucositis in ^J^Z J^* regeneration cf 
inflammatory hlceratxon an caI1 be found 

ulcerated tissue. ^^^^jse^Orai 
30 in *^ ^'dlscIosu^Tf which is 

— * — e - Based on ttese 
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multiple sclerosis, and the lite. 

5 • k »™,ters (6-8 wks old, Charles River 

Golden Syrian hamsters (6 3 ^ 

oratories, ^X^.^saUne, control, and 
groups: Group 1, a P 1 "*" " V, and a mo rphogen 
a morphogen low M > eroupJIO ° j ^ 3/ 
10 high dose group (1 W). ™ » etha nol. Bach 

Morphogen dosages were provided xn 
group contained 12 animals. 

■ •„„ ™ dav 0 and continuing through day 5, 
Begrnnrng on day 0 

" SSiT Tday (60 

reared cu. - - 3 - 
- s - ~ ssrsr^ssr- g^ 

20 superficially irrl ** e * V\ severe ulc erative, 

needle, in untreated animals, sever by 
mucositis was induced in at least 80% 
day 10. 

25 ror each ^istratio^ ^ vehicle control^ ^ 
(pl aceho, or morphogen 

* f the vehicle or B orphogen materxal. J 

maintain contact of the morp g ^ 
This coating provided at least no 
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sacrificed for *~ ^ 

pouch mucosa ^derly g ^^ ^ 

dissected and fixed m i oe specimens 

s dissection and histology £or Otologic 

M ere mounted in ^""/^Le stained with 
examination, sections then - bU ndly by 

Hematoxylin and «° s f J^,"T°rtise in hamster 
t hree oral S «^^ t . 9tan , aro mucositis 
w histology ^fj^ropuy, cellular infiltration, 
panel. *ae erten \^ a ^, ae ,ree of nlceration and 
connective tissue breakdown, as 
epithelialisetion were assessed. 

Ih e mean mucositis score for ~cb ~ a 

cetermined daily - visua/examiuation 
period of ".f y8 " y c S^^ch Differences between 
of the right buccal standard 'f test, e.g., 

g-PS were "£» tota was 

the Students' t wsv ^ the numbers of. 

evaluated between * sgeare 

animals with severe -"'^^ence of differences 
^rS; el^'determined. 

25 ^ i ™«ults are presented in rig- 5, 

The experimental results are p ^ . 

„hich graphs the ^^^"Ibo < circles, on 
scares; low dose, diamonds, and p 

B ean mucositis scores. Both s icantly iu a dose- 
30 doses inhibit "S'^Ub results 

^ redtt0ea " 
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v ^iiuiar debris, and immune effector 
tissue atrophy, cellular aeo , neutrophils, 

untreated, control animals. 
5 Exam ple9. *»°°* on gibroaenesis^nd^ 

Tissue Formation 

morpheas descrio ed ^^^Z^ 
10 morphogenesis of dama 9 ed ^^ tie ne enhances the 

issss r^^snrot.^. — 
^.t^rii^r^rro m 

^ '^rrr"il-Xro 9 enesis or scar 
£sue formal, ^-SS.^ 

stimulate production of these 

Oemotaris and mixtion of ^^^^ 
cells were measured in ^1 ,91, *. 

essentially as deserve « ^ l cn is 

E x Ejl jled i 173: 1121-1132, »• polycarbonate 
M incorporated herein ^ « ^^LL/re Ration 
filters of 2, 3 and 8 micron * fibro blasts. 
of progenitor --^^7^1 
Chemotaxis was measured over a rang^ ^ ^ 
concentrations, e.g., 10 " ™ 10 - 18 -10- l7 M OP-1 

35 progenitor neutrophils and monocytes, 
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consistently «-5—£TES£ ofprogenitor 

OP-1 ^ -f/~ e Atactic activity 
fi6r0b i a 1^i b itea ti £ anti-OP-1 antibody. S«l« 
^^el also were »eesUred ana OS— 



with TGF-0. 



10 



20 



Suitor of *etalloproteinases W 

infant foreskins and Mlnt ""=* , see , f„r 

usin g standard J^^ln-UO* . ) Briefly, 

exaaple, (1976) 2^^; medium consisting 

fibroblasts were ■"-^^ nonessentiai as,ino 
of sagle-s «*H, , and HEPES 

acids, ascorbic acid 50 9 stre ptomycin 

^fers (PH 1.2), L M heat 

(10 0 »|U>. ^^^t used as target ceils to 
inactivated^ ^f^ed in ISO - dieter 
^sure *— Pibroblasts used in assays to 
glass petrl dishes. Hyaluronic acid, 

^asure of m etalloproteinases 

collagenase and «« ue diaffieter plas tic tissue 
(TIMP) were grown m 100 mn u 
culture petri dishes. 

Posttethwaite et ale -7 x B iol7lp6: 311-318 
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, -, ™ n f which are incorporated by 
44, the disclosures of whrch £ibroblasts were 
reference.) *or these a sa s, ^ a 

transferred to 2 well tis Fibroblasts wer e 

density of 8 * 10 «"^ n ^ medittn containing 9% 

^o e r~ srsrs 

. w Ufl H^M was then removed from eacn 
medium for 24 h. Medium was rne (recombin antly 

produced mature or so to 

Syste-s, «^°^: in Lfluent fibroblast 

triplicate wells ^ measured production 

monolayers. For experU. mediom (450 „„ 

of collagenase and - ^ ^ culture 

containing 5% FCS was aooeu r 

, so pemat»ts were harvested '""/^t^ents 

rsrr"-rs :::: ^ - ---^ - « 

" Ooblast production of H* was 
deling newly synthes ised WJ^STi 
15 with [ J B]-acetate the last " inc ubation 
ouantitatin, pleased red I.^olvticus 

35 by specific ELISAs. 
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significant 1W ""^Tsbows OT " 1 efeCt °" 
»r*. « ««.«««-rP^ * KF ., effect on 
collagen production, P™* = ^ „ sno „ OP-1 

5 collagen production, and ^ Q „ m prod uction. 

{pa nel C and »««^ ^ILe whether the soluble 
The ©orphogen results were cont rast, the 

or mature for. of OP1 - ■ ^-associated for. 

latent form of TG*~f* * 
10 of TGF-P) was not active, 

sample ». Mo^hS*,*^^^ 
p^oj -i -Feration 

ability of morphogens 
15 X his example ^rp^SnV d» - 
to inhibit epithelial ceil P colta re cells 

cetermined by '"^^tS Vi^e !«« No. CCL 
from a mink lung •P 1 *"^ L£ cultar i„g procedures. 
M) , and standard "^'^nfluency in Eagle's 
20 Briefly, cells were grown toconfl ^ J0% 
essential medium t-*^ peniclui n, and 
fet al horine serum (*BS|, 2 ^ ^ & 48 _ well c ell 

200 M/s* streptomycin, ana per 
culture plate at a cell density ° £ tte media 

«eU- — d of ^ containing 1% »S and 
was replaced with 0.5 ml o incu bated for 

penicillin/streptomycin and tbe c ^ ^ 

24 hours at 37 c. «orphogen test samp md the 

. - pes then were added to 

containing 5% tbs uu h0 urs. after 

calls incubated for in 10 ,1 was added 

incubation, 1-0 * xrt B th ^ ^ ^ bou 
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4-mnpratnre of 15 minutes. The 
and incubating at room ^ ice . cold 

cells then were washed three t . ^ ^ ^ ^ toe 
distilled water, lysed d to a 

ly sate from each well then recorded using 

scintillation vial and the ra Beckoan) . 
a scintillation counter (Smith kii 



Ihe results are panted U J^SE-* 
antiproliferative effect °f 3H . thyB i d ine (. 

tested was expres »- ^ „ ere compar ed with 

1000) integrated into DMA, control } and TGF-B (1 
untreated cells W" lV \ C °Z * Zikit epithelial 

l00al - S t fU^ "S^S ---re biosyntbetic 
cell proliferation, tu have 
15 constrncts that previously have been conple te 
osteogenic activity, capable o in 9 fornation i„ a 
cascade resulting in endochondral bone # , 
standard rat bone assise, £U~t • ^ ^ 

- -^rr 'ESTS^-*-' performed with the 
20 proliferation. Similar « * ua osteo ,enic 

ST. ^ ss^— sls^ 

* Pat. NO. 4,968,590 and 5,011,691.) 



25 (see US Pat 



Thymidine fx 10m 

50.048, 53.692 
control XI. 874 

COP-7-1 (10 ng) u ^ 

COP-7-2 (3 ng) i6094 
COP-5-1 (66 ng) ^ 43 

COP-5-2 (164 ng) i e&f lAn 

TGF-fi (1 ng) 
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Exmp xe u. mmsm assa-gst g a systemic 

inflMSgtorZ Disease 

induced arthritis model rot u svste mic 
efficacy in " ^t^r L th ri t is 

rtematoid arteritis, tot rn " 7.5o). 
(see, for erample, Pearson (1964) — in 

1 d eteiled description of tie »«*" 0 \£ e fS.. 223 - 
Wels, et el.. (1971) f^ff^^^rein by 
231 r the disclosure of which is ancorpo* 

reference. 

e ^mr^-Dawlev female rats (e.g./ Charles 
Briefly, Sprague-Dawieyreiu* rando mized into 

, River Laboratories, Wilmington, x _ 
Tgrcups: control , morphogeny low dose (e.g., 1 
10 V^ weightier - «^ T- 

(eg, 10-20 pg/kg weight per aayj, 
Groups 1, 2, and 3, respectively. 

1W> ere determined. Inthe » induced in 

treatment, a tile, as determined by 

adjuvant-mjeoted rats by t ^ limbs (< 

15 ^r^— Mercery displacement,. 
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Subsequent determinations of paw edema and x-ray scores 
are made on the unvoted hind 11*. Rats in Group 2 
and 3 also are dosed orally daily, ^Ton l^i 
with morphogen. Limb volumes are recorded on Days 29 
5 lid 50 after adjuvant injection and edema determined by 
volume difference compared to Day 18. The uninfected 
hind limb on each rat is x-rayed on Bay 50 and the 
joint damage assayed on an arbitrary scale of 1 « 10 
,1=„ 0 damage, 10=maximum damage). Data on differences 
10 between control and treated groups (Day 29 edema. Day 
50 2ema and Day 50 x-ray scores) are analysed by using 
a standard "t-test. Morphogen-treated rats show 
distantly reduced joint damage 

edema and in x-ray scores) as compared with untreated 

15 control rats. 

As another, alternative example. Groups 2 and 3 are 
dosed daily with morphogen beginning on Day 18 and 
continuing through Day 50 to demonstrate the efficacy 

20 of morphogens in arthritic animals. 

Example 12. Morfih inhibition of T^r.lised Edema 

The following example demonstrates morphogen 
25 efficacy in inhibiting a localized inflammatory 

response in a standard rat edema model. Experimental 
rats (e.g., Long-Evans from Charles River Laboratories, 
Wilmington, MA) are divided into three groups: Group 
1 a negative control, which receives vehicle alone, 
30 XT. Positive control, to which is administered a 
well-known characterised anti-inflammatory agent 

indometbacin), and Group 3, to which morphogen 
is provided. 
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10 



Gro ups , ana 3 -j - ^tl.: ^, 

3 -° m '*L7l-S ^.Trphogen,. Sixty .inures after 
5-20|ug, and 20 50,/g o ^jaed to the rats of 

in oo-atnaoin or »orphogen xs pro ^ ^ ^ vein , 
Group 2 or 3 (e.g., as By inje d ln all rats 

or Z »ra! gavage, ^ « tn*™ 

by a suo-plaatar in,ectxon of a 1* ^ ^ 
t5 0pl> into the r^Wnd is measured as 

carragaenin ^^^."f^ filing, and induced 
an indioatxon of inJecteo oarrageenin 

inflammatory response to tne rnj 



solution. 



15 



20 



25 



m„„ is evident in untreated rats 
Significant swelling is eviaen 
by tS. nours after carrage^ gg- ^ 
jofla^tion also « »^ s " e * " tte rigUt hind paw 
— ' Tenxmal tfrT d ^ anKle Joint and 

ST-rSS Pad tis^is r ta » . — 

^ti^aiSgtrp^ed tissue with 

hematoxylin and eosin. 

*-^ a ted rats show substantially 

re duSd ^TZST^^^ 
as compared with the untreated rats. 
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Example 13. _ 

FTir » r -h a TnmYelitis 



Ih e foll^ example demonstrates morphogen 
. treating experimental allergic 
i efficacy in treating exp ^ 

encephalomyelitis (ERE) in . «t. sclerosis , 
veil-characterised "^^^^description of the 
en autoimmune disease. A detal ^° al (1991) pnas 

herein by reference. 

• ew ERE is induced in rats (e.g., Long-Evans, 

aJTS^^-— — 5* Tordf 
l5 section of a ^T^. - 

homogenate in '^f^TLminia.tion, , by 
-44, -30 and 0 (last day ot ™ anil's 
spontaneous injection « ^ 

Preferably, a series o j ^ f<jr 

rre^:-- rT oi r\_ 

an increasing severity scale of 0-4. 

In the absence of morphogen — 
n eurologi=al dysfunction (e g., bin ^ ^ 
30 weakness, S"^"^. se ™" 
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5 ^pically associated with w are absent xn the 
norphogen-treated animals. 

Exa »ple 14. ,1. m m * " f Collage*-_lnd g ced 

Arthritis 

° The fallowing example demonstrates the efficacy of 

! inhibiting the inflammatory response xn a 

morphogens xn innxox-cing u 

fSLttl rats (e.g., Longmans, Charles Rxver 
20 ^oratories, Wilmington, in 
injection of bovine WH^ 1 ^ ^ « 

Le ranges, as described for Erauple 13, 
Horphcgen is — " 
iniection) beginnxng at different » 

experxmen and ^ taxl and 

proxxmal and dxstal xxmo ^ evaluation as . 

spinal cord prepared for hxstologxcax 
35 described for Examples 12 and 13, above, ma 
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morphogen may be 



var^ion o* the ^^'^ e.g.. 
administered for P™» e ™! * tiBes loU owing 
periods, beginning at dlffer ^ 7 _ u , 14 -i 8 , 28- 

collegen injection (e.g., on days 0 4, 7 

In toe absence or T^^^^SZ 
condition typically is La is 

iOj,Cti0n ; and "el cbanges typically 

10 "*~f. aA °!£ "^induced animals are absent, 
evidenced in control CIA « mo nonuclear 

..... •~^"£ , ^ f f ££ connective tissue. In 



15 



20 



animals . 



— --arssssssasisa 

candidate compounds, which- -ay be *° 
a ff ect the level « a given "^^^U-I 

of morphogen production by a cell typ ith 
measurable levels ox the morphogen is determ^ ^ 
and without incubating the cell in cu 
expound, in order to asses s ^e by 

=r o^et^gen either at - 
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„.l Growth of Cells in Culture 

cell culture, - ^^^Z^' 
Main, or other £J^ le , Kidney* may °* 

5 widely in the i^ature. For ^ ^ or ^ 
erplanted from -"^f^ used in organ culture as 
rodents (mouse or rat K » prlinary tissue 

whole or sliced (1-4 mm) also derived from 

stores and established r / brai n, mammary, or 

l0 Kidney, adrenals, "^^^ Lltiwell plates ,6 
ot her tissues may be ^ l ^ conTentiona l cell culture 
well or 24 well) absence or presence 

techniques, and are days) . calls may be 

of serum for a period of *x Modi£iea Eagle 

15 cultured, for example, J-n ining se rum (e.g., 

medium (Gibco, Long Island, ^> ^ ^ setum _ deorl ved 
tet al calf serum at 1% ™- medlam (e.g., 

medium, as desired, or in daf # or 

containing insulin, transferrin, 
20 other growth factors) - 

level of morphogen 
Samples for testing the „ ceU 

production includes ^^^ d eval uated for OP-1 
lys ates, collected period icaUy ^ ^ ^ 

25 production by ""f^ Cold Spring Harbor 
eds., 1989- Molecular Cloning m of ^ 

press , cold W/ a f "; c «d periodically and used to 
cell culture itself, IO monitor de 

—~ rSsJS- a« labeled 
30 novo OP-1 synthesis, dHreS w ith an 

according to conventions 1 P r ^ hoars ^ 

"^ftfto ^Snthesis by conventional 
then evaluated to Of i x 
i^noprecipitation methods. 
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„. a oetermination of Level of Monogenic Protein 

In order to ^™J?£%%2^~, « 
be performed to^ detect t ^ protelll . For 

° r T OP 1 mayte detected using e polyclonal 
So:; specif - OP-1 in en BUS*, as follows. 

X ,9/100 ,1 ox affinity-purified P-*f a™ 1 /**" 
.1- op-1 is added to each well of a 

IgG specify for OP 1 « ao ^ ^ 

96-well plete and incubated at 37 C ^ 
wells are washed four tl« '^"l" containing 0.1% 
buffer with 0.15 M Naci (BSB>, £ ••J^™ tte wells 

«- 10 ""Tlfte y » bovine serum 

are blocked by tiXl«9 «» ple "£ " ^ j hour at 37»C. 
albumin (BSA) in BSB and incubating for 1 h 
L wells are then washed -r ^ ^B - _ 
containing 0.1% Tween 20. A l » M 
, appropriate aUution ^ h of the ^ ^ 
cell culture supernatant is ad R£ter 
triplicate and incubated at « C *« * mtl ^. 1 serum 
iucubation, 100 ,1 biotinyl "f ^J^ ls400 in 

25 BSB containing 1% ■» » ^ „ e then 

and incubated at 37 c for 30 mi 2Q> 
washed four times with Biotechnology 

10 0 ,1 ^f^XbZ'^ diluted 1.2000 in 
Associates, inc. Birmingnau, dded t0 

each well and incubated at 37 C d saUne 

are was bed four times ^ - «; 
(TBS) t PH 7.2. 50 * ,A ~ Inc . f sethesda, MD) is 

35 ST "^"SSSr* - -ereture for 15 
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15 



20 



25 



30 



35 



tain. Then, 50 „1 amplifier (from the same 
amplification system kit) is added and incubated for 
another 15 min at room temperature. The reaction jts 
stopped by the addition of 50 „1 0.3 M sulphuric acid. 
The OD at 490 nm of the solution in each well is 
recorded. To quantitate QP-1 in culture media, a OF-1 
standard curve is performed in parallel with the test 
samples . 

Polyclonal antibody may be prepared as f°* lows / 
Each rabbit is given a primary immunisation of 100 
ug/500 pi E. coli produced OP-1 monomer (ammo acids 
328-431 in SEQ IB NO:5) in Q.1% SD5 mixed with 500 jsl 
Complete Freund's Adjuvant. The antigen is ^ected 
spontaneously at multiple sites on the back and flanks 
of the animal. The rabbit is boosted after a month in 
the same manner using incomplete Freund's Adjuvant. 
Test bleeds are taken from the ear vein seven days 
later. Two additional boosts and test bleeds are 
performed at monthly intervals until antibody against 
OP-1 is detected in the serum using an ELISA assay. 
Tben, the rabbit is boosted monthly with 100 fig of 
antigen and bled (15 ml per bleed) at days seven and 
ten after boosting. 

Monoclonal antibody specific for a given morphogen 
may be prepared as follows. A mouse is given two 
injections of E. coll produced OF-1 monomer. The first 
in ection contains 100„g of OP-1 in complete Freund s 
adjuvant and is given subcutaneous ly. The second 
f action contains 50 pg of OP-1 in incomplete adjuvant 
and is given intraperitoneal^. The mouse then _ 
receives a total of 230 „g of OP-1 (amino acids 307-431 
in SEQ ID N0:5> in four intraperitoneal injections at 
various times over an eight month period. One week 
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10 



15 



20 



prior to fusion, both nice are , 3 0 

repeated five days (IP) , ' Tb e m0 „se 

spleen cells are then t (B oeringer 
06113 'Y 'jTthe =ei * " * lat ' d - 8Creened 

sr^s -^.-rrrart^ in 

standard texts widely available in tbe a 

^ invention .ay be eddied in other specif 
f or»s without departing £ ™ ^^odiaents are 
characteristics thereof. The »" 9 ^ 
before to be considered in all ™*^ \ t tte 
illustrative end no ^^ciaiBS rather 



25 therein. 
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SEQUENCE LISTING 

(L) GENERAL INFORMATION: 

5 m APPLICANT: KUBERASAHPATH, THANGAVEL 

1 ' PANG, ROY H.L. 

OPPERMANN, HERHANN 

RUEGER, DAVID C. 
n COHEN, CHARLES H, 

U OZKAYNAK, ENGIN 

SMART, JOHN 

f ii) TITLE OF INVENTION! HORPHOGEN- INDUCED MODULATION OF 
3 INFLAMMATORY RESPONSE 

(iti) NUMBER OF SEQUENCES: 33 

( ivl CORRESPONDENCE ADDRESS : 
C iv) ^^"Jjjjj^ssgj. CREATIVE BIOMOLECULES 
*° rm STREET: 35 SOUTH STREET 

fC) CITY: HOPKINTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: U.S.A. 
25 (F) ZIP: 

fvV COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
fB) COMPUTER: IBM PC compatible 

, 0 \c) OPERATING SYSTEM: PC-DOS/HS-DOS 

{5, SOFTWARE: Patent In Release #1.0, Version #1.25 

fvii) PRIOR APPLICATION DATA: . . 
( fA> APPLICATION NUMBER: US 667,274 

35 (B) FILING DATE: li-HAR-1991 

(vli) PRIOR APPLICATION DATA: 

fAi APPLICATION NUMBERS US 753,059 

(B) FILING DATE: 30-AUG-1991 

10 * i PRIOR APPLICATION DATA: 

(vi i) 5RIOR^^ ion NraBERt ug ?52 7fiA 

fBl FILING DATE: 30-AUG-1991 

INFORMATION FOR SEQ ID N0:1: 



(2) 



( i V SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 97 amino acids 

(B) TYPE: amino acids 

(C) TOPOLOGY : linear 
(ii) MOLECULE TYPE: protein 
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(ix) FEATURE s . m ^ a . 

V ' (A) NAME: Generic Sequence 1 

D OTHER INFORMATION: Each Xaa 
( ' indicates one of the 20 naturally- 
occurring L-isomer f a-ammo acids 
5 or a derivative thereof. 

(X ±) SEQUENCE 

10 xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa 
C ys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa Xaa 

15 xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 

20 cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa Xaa 

xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa Xaa Cys 

25 85 9 

Xaa Cys Xaa 
95 

(2) INFORMATION FOR SEQ ID NO: 2: 

30 (i) SEQUENCE CHARACTERISTICS S 

(A) LENGTH: 97 amino acids 

(B) TYPE: amino acids 

(C) TOPOLOGY: linear 
( ii) MOLECULE TYPE : protean 

ix FEATURE: . „ ^ _ 

(A) NAME: Generic Sequence 2 
D OTHER INFORMATION: Each Xaa 

indicates one of the 20 naturally 
occurring L-isomer, o-amino acids 
or a derivative thereof. 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2. 

Xaa Xaa Xaa xaa xaa Xaa 

45 xaa Xaa Xaa xaa Xaa xia Xaa Xaa Xaa Xaa Xaa 

xaa xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa 

50 cys Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa 

Xaa xaa Xaa Xaa Xaa xaa xaa Xaa Xaa Xaa Xaa 
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xaa Xaa xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 
C ys xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 



xaa xaa Xaa Xaa Xaa Xaa xaa Xaa Xaa Xaa Xaa 
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 

85 90 
Xaa Cys Xaa 
10 95 

( 2) INFORMATION FOR SEQ ID NO: 3: 

fil SEQUENCE CHARACTERISTICS: 
U) Sy LENGTH: 97 amino acids 
15 T ypEi amino acids 

C TOPOLOGY : l^ear 
(iij MOLECULE TYPE: protein 

TSFvmi Generic Sequence 3 
jS| OT f R s I = ^^ 

25 specification. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 



Leu Tyr Val Xaa |he 

xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa 

Xaa Ala Pro Gly Xaa Xaa Xaa Ala 

Xaa Tyr Cys Xaa Gly xaa Cys Xaa 

xaa Pro Xaa Xaa Xaa Xaa Xaa 

Xaa Xaa xaa Asn His Ala Xaa. Xaa 

40 „ 
Xaa xaa Leu Xaa Xaa Xaa Xaa Xaa 

xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 
Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa 
Xaa xaa Xaa Leu Xaa Xaa Xaa 
Xaa Xaa Xaa Xaa Val Xaa Leu xaa 
Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

85 „ 90 

Xaa Cys Gly Cys Xaa 
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(2 ) INFORMATION FOR SEQ ID NO: 4: 

( i ) SEQUENCE CHARACTERI STICS : 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acids 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE : protein 

ix) FEATURE : . „ _ , 

* fA) NAME: Generic Sequence 4 

S OTHER INFORMATION : "herein each 
Xaa is independently selected from 
a group of one or more specified 
amino acids as defined in the 
specification. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Cys Xaa Xaa Xaa Xaa Leu Tyr Val Xaa Phe 

Xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa 

xaa Ala Pro Xaa Gly Xaa Xaa Ala 

20 25 
Xaa Tyr Cys Xaa Gly Xaa Cys Xaa 

Xaa Pro Xaa Xaa Xaa Xaa Xaa 
40 

Asn Xaa Xaa Asn His Ala Xaa Xaa 
45 50 
xaa xaa Leu xaa xaa Xaa Xaa Xaa 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 

60 65 
Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa 
70 

Xaa Xaa Xaa Leu Xaa Xaa Xaa 

75 80 
Xaa Xaa Xaa Xaa Val Xaa Leu Xaa 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

90 95 
xaa Cys Gly Cys xaa 
100 

(2) INFORMATION FOR SEQ ID NO: 5: 

li) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 139 amino acids 

(B) TYPE: amino acids 

(C) TOPOLOGY: linear 
(ii) MOLECULE TYPE: protein 

(iX) IJTSm. hOP-1 (mature form) 
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(xi) SEQUENCE DESCRIPTIONS SEQ ID NOiSt 

s «r Thr Gly ser Lys Gin Arg Ser Gin 

J AT, ser Lys Thr Pro I*s Asn Gin 

G iS Ala Leu Arg Met Ale Asn vel Ale 

G lu Asn ser Ser Ser Asp Gin Arg Gin 

Ale Cys Lys Lys His Glu ten Tyr Vel 

ser Phe Arg Asp L|u Gly ftcp Gin Asp 

Ir p lie He Ale Pre Glu Gly Tyr Ale 

a!. Tyr Tyr Cys Glu Gly Glu cys Ale 

Fhe Pro Leu Asn Ser Tyr Met Asn Ale 

Thr Asn all Ale He Val Gin Thr Leu 

V.1 Hi. Pne l5 Asn Pro Glu Thr Vel 

Pro Lys Pro Cys cys Ale Pro Thr Gin 

Asn Ale He Ser Val Leu Tyr Phe 

110 c cor- Asn Val He Leu Lys 
Asp Asp fer Ser Asn vax m 

Lys Tyr Irg Asn Met Val Val Arg Ala 
Cys Gly Cys His 

35 ,2, J™»"£^cffiSJSU^ ld . 

( ' fAi LENGTH? 139 amxno acids 
#oj TYPE: amino acids 
(C TOPOLOGY: linear 
(ii) MOLECULE TYPE : protein 

Ser Thr Sly Gly Lys Gin Arg Ser Gin 

1 »«, Ser Lys Thr Pro Lys Asn Gin 
Asn Arg ser uy» s 

G iS Ala Leu Arg Met Ala Ser val Ala 
Giu Jn Ser Ser Ser Asp Gin Arg Gin 



45 
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35 



45 



Trp 
55 



Ala Cys Lys Lys His Glu Leu Tyr Val 

Ser Phe Arg Asp Leu Gly Trp Gin Asp 

lie He Ala Pro Glu Gly Tyr Ala 

Cys Ala 

"65 "~ " ' 70 

Phe Pro Leu Asn Ser Tyr Met Asn Ala 
75 

Thr Asn His Ala He Val Gin Thr Leu 

85 yu 

Thr val 

Thr Gin 

Tyr Phe 

Ser Ser Asn Val He Leu Lys 



His 


Glu 


Leu 


Leu 


Gly 


Trp 


50 






Pro 


Glu 


Gly 




60 




Glu 


Gly 


Glu 




70 


Ser 


Tyr 


Met 


He 


Val 


Gin 


Asn 


pro 


Asp 


95 






Cys 


Ala 


Pro 


105 




Ser 


Val 


Leu 






115 


Asn 


Val 


He 


Met 


Val 


Val 



Val His 

15 Pro Lys 

100 

Leu Asn 

Asp Asp Ser Ser Asn val ne «u 
on 120 125 

20 L ys Tyr Arg Asn Met Val Val Arg Ala 

130 1J:> 

Cys Gly Cys His 

25 (2) INFORMATION FOR SEQ ID NO:7: 

" {dl ( i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 139 amino acids 

(B) TYPE: amino acids 

(C) TOPOLOGY: linear 
30 (ii) MOLECULE TYPE: protein 

ix) FEATURE: 

(A) NAME: hOP-2 (mature form) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Ala Val Arg Pro Leu Arg Arg Arg Gin 

Pro Lys Lys Ser Asn Glu Leu Pro Gin 

10 15 

. 7_ » r.on pm Glv He Phe Asp 

25 

Asp Val His Gly Ser His lily ^| 



40 Asp Val His Gly Ser His Gly Arg Gin 

30 35 
Val Cys Arg Arg His Glu Leu Tyr Val 



Ser Phe Gin Asp Leu Gly Trp Leu Asp 

Trp Val He Ala Pro Gin Gly Tyr Ser 

55 60 

Ala Tyr Tyr Cys Glu Gly Glu Cys Ser 

50 phe Pro Leu Asp Ser Cys Met Asn Ala 

75 80 
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ttc Asn His Ala He Leu Gin ser Leu 

Val His Leu Met Lys Pro Asn Ala Val 

?ro L ys Ala Cys Cys Ala Pro Thr Lys 

25 ser Ala far Ser val Leu Tyr Tyr 

M p III ser Asn Asn val He Leu Arg 

10 Lys His Irg Asn Met Val val Lys Ala 

Cys Gly Cys His 

{ ' (A) LENGTHS 139 ammo acids 
fB) TYPE: amino acids 
}c TOPOLOGY r linear 
20 MOLECULE TYPE: protein 

(ix) TifSlMi: mOF-2 (mature form) 

( xi> SEQUENCE DESCRIPTION : SEQ ID NO.8: 

25 Ala Ala Arg Pro Leu Lys Arg Arg Gin 

Pro Lys Lys Thr Asn Glu Leu Pro His 

P £a Asn Lys Leu Pro Gly lie Phe Asp 

30 Asp Gly His Gly Ser Arg Gly Arg Glu 

val Cys Arg Arg His Glu Leu Tyr val 

35 ser Phe Arg asp Leu Gly Trp Leu Asp 

Trp val He Ala Pro Gin Gly Tyr Ser 

All Tyr Tyr Cys Glu Gly Glu Cys Ala 

40 Phe Pro Leu Asp Ser Cys Met Asn Ala 

Thr Asn His Ala He Leu Gin Ser Leu 

45 val His Leu Met Lys Pro Asp Val Val 

Ala Cys Cys Ala Pro Thr Lys 



Pro Lys 



£°S ser Ala Thr Ser val Leu Tyr Tyr 

Ser 
120 



50 Asp Ser ser Asn Asn Val He Leu Arg 
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Lys His Arg Asn Met Val Val Lys *g 



10 (iij 



val val Lys Ala 

Cys Gly Cys His 

{ 1 (A) LENGTH: 96 amino acids 
(B) TYPE: amino acids 
C) TOPOLOGY: linear 
. AX( MOLECULE TYPEt protein 
} i v \ FEATURE s 

M cys Lys «, Bis Pro Leu Tyr Val Asp Phe s.r 

Asp val Gly Trp Asn Asp Trp He val Ala Pro 
Pro Gly Tyr His Ala Phe Tyr Cys His Gly Glu 

20 cys Pro Phi Pro Leu Ala Asp His Leu Asn Ser 

B, Asn His Ala He Val Gin Thr Leu Val Asn 

J5 ser val Asn Ser Lys lie Pro Lys Ala eg. Cys 

val Pro Thr Glu Leu Ser Ala lie Ser Met Leu 
Tyr Leu Asp all Asn Glu Lys Val val Leu Lys 

30 Asn Tyr G !n Asp Met Val Val Glu Gly Cys Gly 

cys Arg 
100 

35 <*> ^K»l^?iTScs= 

( ' (A) LENGTH: 101 amino acids 
(B1 TYPE: amino acids 
C TOPOLOGY: linear 
40 MOLECULE TYPE: protein 

45 Cys Arg Arg His Ser 

Leu Tyr Val Asp Phe Ser Asp val Gly Trp Asn 
Asp Trp U. val Ala Pro Pro Gly Tyr Gin Ala 
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Phe Tyr Cys His Oar Asp «*» p f° 1,68 Pr ° L6U 
Ala Asp His Leu Asn Ser Thr Asn His Ala XI. 
val gII Thr Leu val Asa Ser val Asa Ser Ser 

55 



lie Pro Lys Ala Cys cys Val Pro Thr Glu Leu 
Ser Ala lie Ser Met Leu Tyr Leu Asp Glu Tyr 
Asp Lys Val Va! Leu Lys Asn Tyr Gin Glu Met 
Val Val Glu Gly Cys Gly Cgs Arg 

C ' 7 a? LENGTH: 1Q2 amino acids 

fBV TYPE: amino acids 

(C TOPOLOGY: linear 
(ii) MOLECULE TYPE: protexn 
fix) FEATURE : 

(xil awss'D.sssi». «»»'»' 

cys Arg Arg His ser Leu Tyr val Asp Phe ser 
Asp val Gly Trp Asp Asp Trp He Val Ala Pro 
Leo Gly Tyr Asp Ala Tyr Tyr Cys His Gly Lys 
Cys Pro Phi Pro Lea Ala Asp His Phe Asa Ser 
Th r Asa His Ala Val Val Gla Thr Leu Val Asn 
Asn Asa Asn Pro Gly Lys Val Pro Lys Ala Cys 
Cys Val Pro Thr Gin Leu Asp Ser Val Ala Met 
leu Tyr Leu Asn Asp Gin Ser Thr Val Vol Leu 
Lys Asn Syr Gin Glu Hat Thr Val Val Gly Cys 



Gly Cys Arg 
100 



{ ' fAJ LENGTH: 102 ammo acids 
fBV TYPE: amino acids 
(C) TOPOLOGY :; linear 

(ii) MOLECULE TYPE: protein 
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( ix ) FEATURE : 

(A) NAME: Vgl(fx) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

5 Cys Lys Lys Arg His Leu Tyr Val Glu Phe Lys 

15 10 
Asp Val Gly Trp Gin Asn Trp Val lie Ala Pro 

15 20 
Gin Gly Tyr Met Ala Asn Tyr Cys Tyr Gly Glu 
10 25 30 

Cys Pro Tyr Pro Leu Thr Glu lie Leu Asn Gly 

35 40 
Ser Asn His Ala lie Leu Gin Thr Leu Val His 
45 50 55 

15 Ser lie Glu Pro Glu Asp lie Pro Leu Pro Cys 

60 65 
Cys Val Pro Thr Lys Met Ser Pro He Ser Met 

70 75 
Leu Phe Tyr Asp Asn Asn Asp Asn Val Val Leu 
20 80 85 

Arg His Tyr Glu Asn Met Ala Val Asp Glu Cys 

90 95 
Gly Cys Arg 
100 

25 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 amino acids 

(B) TYPE : amino acids 
30 (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
( ix ) FEATURE : 

(A) NAME: Vgr-l(fx) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Cys Lys Lys His Glu Leu Tyr Val Ser Phe Gin 

1 J 5 10 

Asp Val Gly Trp Gin Asp Trp He He Ala Pro 
15 20 

40 xaa Gly Tyr Ala Ala Asn Tyr Cys Asp Gly Glu 

Cys Ser Phe Pro Leu Asn Ala His Met Asn Ala 

35 40 
Thr Asn His Ala lie Val Gin Thr Leu Val His 
45 45 50 55 

Val Met Asn Pro Glu Tyr Val Pro Lys Pro Cys 

60 65 
Cys Ala Pro Thr Lys Val Asn Ala He Ser Val 
70 75 



SUBSTITUTE SHEET 



- 108 - 

PCT/US92/07358 

WO 93/04692 

L eu Tyr Phe Asp Asp Asn Ser ftg Val He Leu 
Lys Lys Tyr Arg Asn Met Val Val Arg Ala Cys 
90 95 
g Gly cys His 

100 

(2> INFORMATION FOR SEQ ID NO: 14: 

{i) SEQUENCE CHARACTERISTICS: 
10 |£j LENGTH: 106 arnxno acids 



15 



(B) TYPE: protein 

)r\ STRANDEDNESS: sxngle 

D TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(vi) ORIGINAL SOURCE: 
(A) ORGANISMS huiaan 
(F) TISSUE TYPEt BRAIN 

fix) FEATURES 
(V) OTHER INFORMATIONS 
( ' /product- "GDF-1 (fx)" 

(xi) SEQUENCE DESCRIPTION:; SEQ ID NOsUs 

Cys Arg Ala Arg Arg Leu Tyr Val Ser Phe Arg Glu Val Gly 

Trp His Arg Trp Val He Ala Pro Arg Gly Phe Leu Ala Asn Tyr 

15 20 
Cys Gin Gly Gin Cys Ala Leu Pro Val Ala Leu Ser Gly Ser Gly 

30 35 

Gly Pro Pro Ala Leu A» els Ala Val leu Arg Ala Leu Her His 

Ala Ala Ala Pro Gly Ala Ala Asp Leu Pro Cys Cys Val Pro Ala 

60 65 
Arg Leu S.r Pro He Ser Val Leu Phe the Asp Asu Ser Asp Asu 

Z Val Leu Arg Glu Tyr Glu As, Hat Val Val Asp Glu Cys Gly 
90 95 



Cys Arg 
105 



50 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 5 amino acids 
5 (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
10 (xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Cys Xaa Xaa Xaa Xaa 
1 5 

15 (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1822 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 
(F) TISSUE TYPE: HIPPOCAMPUS 

30 (ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 49.. 1341 . u «»t. 
(D) OTHER INFORMATION: /standard_name* "hOPl 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

GGTGCGGGCC CGGAGCCCGG AGCCCGGGTA GCGCGTAGAG CCGGCGCG ATG CAC GTG 57 

1 

40 CGC TCA CTG CGA GCT GCG GCG CCG CAC AGC TTC GTG GCG CTC TGG GCA 105 
Arg Ser Leu Arg Ala Ala Ala Pro His Ser Phe Val Ala Leu Trp Ala 
5 10 15 

45 CCC CTG TTC CTG CTG CGC TCC GCC CTG GCC GAC TTC AGC CTG GAC AAC 153 
Pro Leu Phe Leu Leu Arg Ser Ala Leu Ala Asp Phe Ser Leu Asp Asn 
20 25 30 35 

GAG GTG CAC TCG AGC TTC ATC CAC CGG CGC CTC CGC AGC CAG GAG CGG 201 
50 Glu Val His Ser Ser Phe lie His Arg Arg Leu Arg Ser Gin Glu Arg 
40 45 50 



25 
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- ~tv~ rrr rAC CGC 2< »' 



10 



O93/04t>y-t 

gssassasis'afissssas- 

Leu Asp Leu Tyr Asn Ala net ax* 9$ 

ccc gcc «c ice « ccc »c £ ac g « * « «o « 

Gly Gin Gly Phe Ser Tyr Pro Tyr uys *x ^ u5 
15 100 

gsasaaa5Sgs2«ss 

135 1 u 

-asggsaaaaasssssijrs 

150 133 
165 1 

sssaaassisaagssass 

35 180 

gssaaaas5£25==S 2 

•sss^sassssassasss 
« sssssaasaaasgaaa 

230 235 

.sasasagaassssass 



297 
345 
393 



729 
777 
825 
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AAG TTG GCG GGC CTG ATT GGG CGG CAC GGG CCC CAG AAC AAG CAG CCC 873 
Lys Leu Ala Gly Leu He Gly Arg His Gly Pro Gin Asn Lys Gin Pro 
260 265 270 275 

5 TTC ATG GTG GCT TTC TTC AAG GCC ACG GAG GTC CAC TTC CGC AGC ATC 921 
Phe Het Val Ala Phe Phe Lys Ala Thr Glu Val His Phe Arg Ser He 
280 285 290 

CGG TCC ACG GGG AGC AAA CAG CGC AGC CAG AAC CGC TCC AAG ACG CCC 969 
10 Arg Ser Thr Gly Ser Lys Gin Arg Ser Gin Asn Arg Ser Lys Thr Pro 
295 300 305 

AAG AAC CAG GAA GCC CTG CGG ATG GCC AAC GTG GCA GAG AAC AGC AGC 1017 
Lys Asn Gin Glu Ala Leu Arg Het Ala Asn Val Ala Glu Asn Ser Ser 
15 310 315 320 

AGC GAC CAG AGG CAG GCC TGT AAG AAG CAC GAG CTG TAT GTC AGC TTC 1065 
Ser Asp Gin Arg Gin Ala Cys Lys Lys His Glu Leu Tyr Val Ser Phe 
325 330 335 

20 

CGA GAC CTG GGC TGG CAG GAC TGG ATC ATC GCG CCT GAA GGC TAC GCC 1113 
Arg Asp Leu Gly Trp Gin Asp Trp He He Ala Pro Glu Gly Tyr Ala 
340 345 350 355 

25 GCC TAC TAC TGT GAG GGG GAG TGT GCC TTC CCT CTG AAC TCC TAC ATG 1161 
Ala Tyr Tyr Cys Glu Gly Glu Cys Ala Phe Pro Leu Asn Ser Tyr Het 
360 365 370 

AAC GCC ACC AAC CAC GCC ATC GTG CAG ACG CTG GTC CAC TTC ATC AAC 1209 
30 Asn Ala Thr Asn His Ala He Val Gin Thr Leu Val His Phe He Asn 
375 380 385 

CCG GAA ACG GTG CCC AAG CCC TGC TGT GCG CCC ACG CAG CTC AAT GCC 1257 
Pro Glu Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin Leu Asn Ala 
35 390 395 400 

ATC TCC GTC CTC TAC TTC GAT GAC AGC TCC AAC GTC ATC CTG AAG AAA 1305 

He Ser Val Leu Tyr Phe Asp Asp Ser Ser Asn Val He Leu Lys Lys 

405 410 415 

40 

TAC AGA AAC ATG GTG GTC CGG GCC TGT GGC TGC CAC TAGCTCCTCC 1351 

Tyr Arg Asn Het Val Val Arg Ala Cys Gly Cys His 
420 425 430 

45 GAGAATTCAG ACCCTTTGGG GCCAAGTTTT TCTGGATCCT CCATTGCTCG CCTTGGCCAG 1411 

GAACCAGCAG ACCAACTGCC TTTTGTGAGA CCTTCCCCTC CCTATCCCCA ACTTTAAAGG 1471 

TGTGAGAGTA TTAGGAAACA TGAGCAGCAT ATGGCTTTTG ATCAGTTTTT CAGTGGCAGC 1531 

50 

ATCCAATGAA CAAGATCCTA CAAGCTGTGC AGGCAAAACC TAGCAGGAAA AAAAAACAAC 1591 
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AAAPGGCCGG GCCAGGPCAT ICGCTGCGAA GrCTCAGCCA TGCACGGACP IB1 

CMfflU TGTCACAATA AAACGAATGA ATGAAAAAAA AAAAAAAAAA A 
(2) IHFORHATION POR SEQ ID MO.17. 
10 fi) SEQBEHCE CHAFACIERISHCS; 

( 1 (A) LENGTH: 431 amino acids 
m THE: amino acid 
(0) TOEOLOGIs linear 

15 H01ECU1E TYPE: protein 

(iX) gfaKR INFOHKATION: /Erodurt."OPl-PE" 
20 (si) SEQUENCE DBSCEIPHON-- SEQ ID NO: 17= 

Her Hi, Val Arg Ser Leu Arg Ala Ala Ala Pro His Ser PHe Vjl Ala 
25 ul Pro Ala Pro Leu Pne Uu leu Arg Ser Ala Uu Ala Asp PHe Ser 
Asp Asn l Val His Ser Ser Pne He His Arg Arg . Leu Arg Ser 
30 cm oj « «g Glu Her Gin Arg Glu lie Leu Ser He Leu Gly Uu 
35 ,ro Z Arg Pro Arg Pro His Leu Gin Gly Lys His Asn Ser Ala Pro 
Z PHe He. Leu Asp Uu Tyr Asn Ala Her Ala Vol Glu Glu Gly Gly 
40 Gly Pro Gly«y Oln Gly PHe Ser Tyr Pro Xyr Lys Ala Val PHe Ser 
ttr Gin Pro Leu Ala Ser Leu Gin Asp Ser His PHe Leu THr 

" Asp Ala Z Her VAX Her Ser PHe Val Asn Uu Val Glu His Asp Lys 
130 

m. wc hi- Are Glu Phe Arg Phe Asp Leu 
50 Glu Phe Phe His Pro Arg Tyr His His Arg Glu l60 



145 
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Ser Lys lie Pro Glu Gly Glu Ala Val Thr Ala Ala Glu Phe Arg He 
165 170 17 -> 

Tyr Lys Asp Tyr He Arg Glu Arg Phe Asp Asn Glu Thr Phe Arg He 
5 180 185 190 

Ser Val Tyr Gin Val Leu Gin Glu His Leu Gly Arg Glu Ser Asp Leu 
195 200 205 

10 Phe Leu Leu Asp Ser Arg Thr Leu Trp Ala Ser Glu Glu Gly Trp Leu 
210 215 220 

Val Phe Asp He Thr Ala Thr Ser Asn His Trp Val Val Asn Pro Arg 
225 230 235 240 

15 His Asn Leu Gly Leu Gin Leu Ser Val Glu Thr Leu Asp Gly Gin Ser 
245 250 255 

He Asn Pro Lys Leu Ala Gly Leu He Gly Arg His Gly Pro Gin Asn 
20 260 265 270 

Lys Gin Pro Phe Met Val Ala Phe Phe Lys Ala Thr Glu Val His Phe 
y 275 280 285 

25 Arg Ser He Arg Ser Thr Gly Ser Lys Gin Arg Ser Gin Asn Arg Ser 
290 295 300 

Lys Thr Pro Lys Asn Gin Glu Ala Leu Arg Met Ala Asn Val Ala Glu 
305 310 315 320 

30 Asn Ser Ser Ser Asp Gin Arg Gin Ala Cys Lys Lys His Glu Leu Tyr 
325 330 335 

Val Ser Phe Arg Asp Leu Gly Trp Gin Asp Trp He He Ala Pro Glu 
35 340 345 350 

Gly Tyr Ala Ala Tyr Tyr Cys Glu Gly Glu Cys Ala Phe Pro Leu Asn 
355 360 365 

40 Ser Tyr Met Asn Ala Thr Asn His Ala He Val Gin Thr Leu Val His 
370 375 380 

Phe He Asn Pro Glu Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin 
385 . 390 395 400 

45 Leu Asn Ala He Ser Val Leu Tyr Phe Asp Asp Ser Ser Asn Val He 
405 410 4i5 

Leu Lys Lys Tyr Arg Asn Met Val Val Arg Ala Cys Gly Cys His 
50 420 *25 *30 
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IHFORMATICN FOR SEQ ID NO: 18; 



(i) 



SEQUENCE CHARACTERISTICS; 
U? LENGTH: 1873 base pairs 
fft) TIPEs nucleic acia 
flcy STRANDEDNESSr single 
(D> TOPOLOGY; linear 



(ii) HOLECULE TYPE: cDNA 
frrl\ ORIGINAL SOURCE? 

(vi) (J) t^ 8 **"^ 

(F) 



hssm hies ehbejo 



* «*"> STStt/m. CDS 

% S^oM'/no- «1 (CDNA)" 
,„ SEQUENCE DESOtlfTIOH: SEQ ID K0.18-. 

„«. TG.CICGCG ~CCG CTGCCCXGCC CCCICCCCXG CC.CTGGGG 
CQGCGCGCGC CCGGTGCCCC GGATCGCGCG TAGAGCCGGC GCG JT= g GIG CGC 

- as S 2 s s A - = 1 s * » = 1 ss 25 f " 

70 



60 
115 



163 



50 "SB 90 
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5 



20 



25 



5222222222222222 
222222222 2.222322 

120 125 

2222222222222222 

SS522222222222S22 

• 150 155 
GGC GAA CGG GTG ACC GCA GCC GAA TIC AGG ATC TAT AAG GAC TAC ATC 
Gly Glu Axg Val Thr AU Ala Glu Phe Arg lie Tyr Lys asp y ^ 
165 170 

S222S2222222SS22 

2222225222222222 

200 205 

5S25SSSSS32S25SS 

215 220 

£222222222522222 

230 235 

35 2222222222222222 

245 250 

•SS22SS2S222S2222 

265 i,u 

„ 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

280 28:> 
ACG GGG GGC AAG CAG CGC AGC CAG AAT CGC TCC AAG ACG CCA AAG AAC 
Thr Gly Gly Lys Gin Arg Ser Gin Asn Arg y ^ 



30 



50 295 
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tnr ATr rrc AGT G TG GCA GAA AAC AGC AGC AGT GAC . 1075 
% %° S 2S JS « S S5 S S Glu MJ Ser Ser Sor Asp 
310 315 

ssssssssssrsgsffgsg 1123 

325 33 ^ 
GGC TGG CAC 

~" ™ asp -"-i* *** — 

345 350 

; ccT 

j Pro 
365 



s a 1 5 s s as a: % s s s s 

15 7 360 365 ■ 

Lrr a ap cac GCC ATC GTC CAG ACA CTG GTT CAC TTC ATC AAC CCA GAC 
ar ts*n Ss 2a Se Val Gin Thr Leu Val His Phe lie Asn Pro Asp 
375 380 J 

390 395 
« PTC CTC TAC TTC GAC GAC AGC TCT AAT GTC ATC CTG AAG AAG TAC AGA 
25 v2 Su Tyr £e asp Asp Ser Ser Asn Val lie Leu Lys Lys Tyr Arg 
410 



405 

AAC ATG GTG GTC CGG GCC TGT GGC TGC CAC TAGCTCTTCC TGAGACCCTG 
30 Asn Met Val Val Arg Ala Cys Gly Cys His 
425 ** u 

ACCTTTGCGG GGCCACACCT TTCCAAATCT TCGATGTCTC ACCATCTAAG TCTCTCACTG 
35 CCCACCTTGG CGAGGAGAAC AGACCAACCT CTCCTGAGCC TTCCCTCACC TCCCAACCGG 

AAGCATGTAA GGGTTCCAGA AACCTGAGCG TGCAGCAGCT GATGAGCGCC CTTTCCTTCT 

GGCACGTGAC GGACAAGATC CTACCAGCTA CCACAGCAAA CGCCTAAGAG CAGGAAAAAT 
40 GTCTGCCAGG AAAGTGTCCA GTGTCCACAT GGCCCCTGGC GCTCTGAGTC TTTGAGGAGT 

AATCGCAAGC CTCGTTCAGC TGCAGCAGAA GGAAGGGCTT AGCCAGGGTG GGCGCTGGCG 
45 TCTGTGTTGA AGGGAAACCA AGCAGAAGCC ACTGTAATGA TATGTCACAA TAAAACCCAT 

GAATGAAAAA AAAAAAAAAA AAAAAAAAAA AAAAGAATTC 



1473 
1533 
1593 
1653 
1713 
1773 
1833 
1873 
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(2) INFORMATION FOR SEQ ID NO:19: 

(i) SEQUENCE CHARACTERISTICS; 

{ ' (1) LENGTH: 430 amino acids 
c (B) TYPE: amino acid 

5 Jd) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
10 {S^Sm. INFOBHATIONi /product- "mOPl-PP" 

<*i) SEQUENCE DESCMPTION. SEQ 10 U0-.19: 
15 Her His VM Arg S« Uu Arg Ma Ma Ala Pro Hi, Ser Phe VM Ma 

ul Trp Ma Pro U« Phe Uu Uu Arg Ser Ma Uu Ma asp Phe Ser 
20 * J 
20 uu Asp Asn Glu VM His Ser Ser Phe He His Arg Arg Uu Arg Ser 

Gin Glu Arg Arg Glu Her Gin Arg Glu lie Uu Ser He Uu Gly Uu 

tr| Arg Pro Arg Pro His Uu Glu Gly Lys His Asn Ser M. Pro 

3Q 2 Phe Het uu Asp uu lyr Asu Ma Her Ala Val Glu Glu Ser Gly 

EI0 Asp Gly Gin Gly Phe Ser Tyr Pro Tyr Lys Ala VM Phe Ser Thr 

35 Oin Gly Pro Z Uu Ma Ser Leu Glu Asp Ser His Phe Uu Thr Asp 
115 120 
Asp Her VM Her Ser Phe Val Asn Uu VM Glu His Asp Lys Glu 
40 HO 135 

Phe Phe His Pro Arg Tyr His His Arg Glu Phe Arg Phe Asp Uu Ser 

45 Lys Xle Pro Glu Gly Glu Arg Val Thr Ma Ma Glu Phe Arg lie Tyr 

Lys Asp Tyr He Lg Glu Arg Phe Asp Asn Glu Thr Phe Gin lie Thr 
180 i0 
50 « Tyr Gin Val Leu Gin Glu His Ser Gly Arg Glu Ser Asp Leu Phe 



25 
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Uu Uu Asp S.r Ar, Ihr lie Trp Ala Ser Glu Glu fly *P Leu Val 

21Q 215 
to* Asp II. Ihr Ala Ihr Ser Asn His Irp Val Val Asa Pro Arg His 
5 225 230 

i5 u leu Gly Uu Gin Uu Ser Val Glu Ihr Uu Asp Gly Gin Ser lie 

10 isn Pro Lys Uu Ala Gly Uu lie Gly Arg His Gly Pre Gin Asn Lys 
260 Z63 
Gta Pre Phe Her Val Ala Pee Phe L y s Ala Ihr Glu Val His Uu Arg 
275 280 
15 Ser II. Arg Ser Ihr Gly Gly lys Gin Arg Ser Glu Aan Arg Ser Lys 
290 293 
Thr Bro Lys Asn Gin Glu Ala Leu Ar S Ket Ala Ser Val Ala Glu Asn 
20 305 310 

Ser Ser Ser Asp Glu Arg Glu Ala Cys Lys I^s His Glu Uu lyr Val 

2S Ser Phe Arg Asp Uu Gly Irp OVn Asp Trp He lie Ala Pro Glu Gly 
340 SH3 
Tyr Ala Ala lyr lyr Cys Glu Gly Glu Cys Ala Phe Pro Leu Asn Ser 
355 360 
30 Tyr Het Aen Ala Ihr Asn His Ala lie Val Gin Ihr Uu Val Hie Phe 
370 375 
lie Asn Pro Asp Ihr Val Pro Lys Pro Cys Cys Ala Pro Ihr^ln Uu 
35 385 3,0 

Asn Ala II. Ser Val Leu lyr Phe Asp Asp Ser Ser Aen Val lie Leu 

40 Lys Ly S lyr Arg Asn Het Val Val Arg Ala Cys Gly Cys *U 
420 H " 
(2 ) INFORMATION FOR SEQ ID NQ:20: 

45 fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 1723 base pairs 

(B) TYPE: nucleic acid 

(C) STEANDEDNESS: single 

(D) TOPOLOGY: linear 

50 (ii)HOLECOLE TYPE: cDNA 
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(vi) ORIGINAL SOURCE? 

Ik) ORGANISM: Homo sapiens 
(F) TISSUE TYPE; HIPPOCAMPUS 

5 (ix)FEATORE: 

(A) NAME/KEY; CDS 

<S> 0 "lKoS 6 ,n 0 te. -hOPa (cDNA)" 

10 (xi)SEQDENCE DESCRIPTION SEQ ID M3s20s 

GGCGCCGGCA GAGCAGGAGT GGCTGGAGGA GCTGTGGTTG GAGCAGGAGG TGGCACGGCA 
GGGCTGGAGG GCTCCCTATG AGTGGCGGAG ACGGCCCAGG AGGCGCTGGA GGAACAGCTC 

15 CCACACCGCA GCAAGCGGTG GCTGCAGGAG CTCGCCCATC GCCGCTGCGC TGCTCGGACC 
GCGGCCACAG CCGGACIGGC GGGTACGGCG GCGACAGAGG CATTGGCCGA GAGTCCCAGT 

20 CCGCAGASIA GCCCCGGCCI CGAGGCGGTG GCGTCCCGGI CCICTCCGTC CAGGAGCCAG 
GACAGGTGTC GCGCGGCGGG GCTCCAGGGA CCGCGCCTGA GGCCGGCIGC CCGCCCGTCC 
CGCCCCGCCC CGCCGCCCGC CGCCCGCCGA GCCCAGCCTC CTTGCCGTCG GGGCGTCCCC 

25 AGGCCCTGGG TCGGCCGCGG AGCCGATGCG CGCCCGCTGA GCGCCCCAGC TGAGCGCCCC 

«— SS S a 2 g g S 2 5 2 S g a 

l 5 



a a ss sag? g g a g a a g g s 
gaaaasagssggsgse 

30 35 

g a a a a a g a a g s g s s s 

50 33 

aaaasgsggssag?=s 
aaa^asgsggggggss 



60 
120 
180 
240 
300 
360 
420 
480 
528 

576 

624 

672 

720 

768 
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g S g % S 22 S S 25 2 1 S 2 2 S 

95 100 lU3 

5 g s s g s g s is a g g a g g si § 

no " u 

10 gg22g2222£22g2ES 
£ S IS g B S S g « S 2 2 S 1 2 2 

15 145 150 "° 

g g £ g g S 2 2 S g g 2 2 

160 165 

20 g£gEg2g22g22222E 

175 180 I 85 

25 ggggggaggggEEggg 
30 g22Sg2S22§222Sg2 

' apt rAC GAC GGG CAC AGC GTG GAT CCT GGC CTG GCC GGC CTG CTG GGT 
Thr G^ His Ser Val Asp Pro Gly U» Ala Gly Leu Leu Gly 

35 225 230 ^ 

gSggg22gggSSg222 

240 245 

" Bgg22ffig22gSg2B22 
« g S g 2 g g 2 2 2 g g g S 2 2 2 

270 275 

,.Bgggg2S2ggg2Sagg 



912 



SUBSTITUTE SHEET 



_ 121 - 

PCT/US92/07358 

WO 93/04692 



1680 
1723 



.gsgssssgssssjssgasss 

320 323 
TGC ICC TIC CCA CTG GAC TCC TGC ATG AAT GCC ACC AAC CAC GCC ATC 
10 Cys Ser Phe Pro Leu Asp Ser Cys uc a ^ 
335 J 

15 350 

385 J ' 
25 GCC TGC GGC TGC CAC T GAGTCAGCCC GCCCAGCCCT ACTGCAG 
Ala Cys Gly Cys His 
400 

(2 ) INFORMATION FOR SEQ ID NO:21: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 402 amino acids 
fB} TYPE: amino acid 
(D) TOPOLOGY: linear 

35 (ii)HOLECULE TYPE: protein 

<U> tSSSS INPORuATIOH, /product. "hOP2-PP" 
40 (xl)SEQOENCE DESCRIPTION. SEQ ID H0.21. 

„« * Ua uu Pro Gly Pro Uu T rp Uu Uu Gly uu ^ uu cys 

45 J, Uu Gly Gly Gly Gly Pro Gly U. m Pro Pro Pro Gly Cys Pro 
20 " 
Gin «, *r 8 Uu Gly Ma Ar 8 Glu « A r 8 as, Val Gin « S Clu He 



1440 



1488 



1536 



1584 
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Leu Ala Val Leu Or Leu Pro Gly Arg Fro Arg Pro Arg Ale Pro Pro 
50 55 

, Phe Met Leu Asp Leu 



5 Z «• Ala Hat Ala Gly Asp Asp Asp Glu Asp Gly Ala Pro Ala Glu 

» Arg Arg Leu Gly Arg Ala Asp Leu « Her Ser Phe Val Asu Het Val 

Clu Arg Asp Lg Ala Leu Gly His Glu Glu Pro El. Trp Lys Glu Phe 

15 arg Ph. Z Leu Thr Gin lie Pro Ala ply Glu Ale Val Thr Ala Ala 

a, Phe Arg Ue Tyr Lys Val Pro Ser II. His Leu Leu Asa Arg Thr 
20 145 150 

u „ His Val Ser Het Phe Glu Vol Vol Glu Glu Glu Ser Asa Arg Glu 

25 Ser Asp Leu Phe Phe Leu Asp I*u Glu Thr Leu Arg Ala Gly Asp Glu 
180 103 
tty Trp Leu val Leu Asp Val Thr Ala Ala Ser Asp Cys Trp Leu Uu 

30 Lys arg 2 Lys Asp Leu Gly Uu Arg Leu Tyr Val Glu Thr Glu Asp 
210 215 
Gly His Ser Val Asp Pro Gly Uu Ala Gly Leu Leu Gly Glu Arg Ala 
225 230 

Pro Arg Ser Glu Glu Pro Phe Val Val Thr Phe Phe Arg Ala Ser Pro 

40 Ser Pro lie Arg Thr Pro Arg Ala Val Arg Pro Leu Arg. Arg Arg Gin 
260 * 
Ero Lys Lys ser Asu Glu Leu Pro Glu Ala Asu Arg Leu Pro Gly He 

" Phe ASP Z Val His Gly Ser His Gly Arg Gin Val Cys Arg Arg His 
290 293 
Clu Leu Tyr Val Ser Phe Gin Asp Leu Gly Trp Leu Asp Trp Val He 
50 305 310 



Leu Pro Ala Ser Ala Pro Leu 1 
70 



35 225 
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Ala Pro Glu Gly Tyr Ser Ala Tyr Tyr Cys Glu Gly Glu Cys Ser Phe 

Pr „ Uu Asp Ser Cys Het Asn Ala Thr Ass His Ala He Uu Gin Ssr 
5 340 345 

uu Val His Uu Hat Lys Pro Ass Als Val Pro lys Ala Cys Cys A!a 
355 360 
10 Pro Thr Lys Uu Ser Ala Thr Ser Val Uu Tyr Tyr Asp Ser Ser Aso 
370 il ° 
Asn Val lie Leu Arg Lys Hi* Arg Asn Met Val Val Lys Ala Cys Gly 
385 390 39 

15 

Cys His 

(2) INFORMATION FOR SEQ ID NO: 22: 

20 (i) SEQUENCE CHARACTERISTICS: 

20 K } (A ) LENGTH: 1926 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 
(D TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: cDNA 

fvil ORIGINAL SOURCE: 
{ (A) ORGANISM: MURIDAE 

30 (F) TISSUE TYPE: EMBRYO 

(ix) FEATURE: 

1 ' (A) NAME/KEY: CDS 

(B) LOCATION: 93.. 1289 
35 j D j OTHER INFORMATION: /note- "mOP2 cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GCCAGGCACA GGTGCGCCGT CTGGTCCTCC CCGTCTGGCG TCAGCCGAGC 
40 CCGACCAGCT ACCAGTGGAT GCGCGCCGGC TGAAAGTCCG AG ATG GCT ATG CGT 

1 



50 
104 



152 



200 
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50 



10 



20 



25 



30 



GCG 
Ala 


CGC 
Arg 


Glu 


CGC CGC 
Arg Arg 
40 


Leu 


Pro 


GGA 

Gly 
55 


CGG CCC 
Arg Pro 


CCA 
Fro 


GCG 
Ala 
70 


TCC 
Ser 


GCG CCC 
Ala Pro 


GAT 
Asp 
85 


GAC 
Asp 


Asp 


GAC GGC 
Asp Gly 


CTG 
Leu 


Val 


ATG 
Met 


AGC TTC 
Ser Phe 
105 


Ty*r 


CAG 
Gin 


GAG 
Glu 


CCA CAC 
Pro His 
120 


Pro 


Ala 


GGG 

Gly 
135 


GAG GCT 
Glu Ala 


CCC 
Pro 


AGC 
Ser 
150 


Thr 


CAC CCG 
His Pro 


GTG 
Val 
165 


GTC 
Val 


Gin 


GAG CAC 
Glu His 


CTT 
Leu 


CAG 
Gin 


ACG 
Thr 


CTC CGA 
Leu Arg 
185 


ACA 
Thr 


GCA 
Ala 


GCC 
Ala 


AGT GAC 
Ser Asp 
200 


CTC 
Leu 


CGC 
Arg 


CTC 
Leu 
215 


TAT GTG 
Tyr Val 


CTG 
Leu 


GCT 
Ala 


GGT 
Gly 


CTG CTT 
Leu Leu 



60 



90 



HAS t>CU V-/ »*— — — »- 

95 100 



130 

TAC AAA GAA 536 



230 



. HIT AAA W.A uxu tuc 7" -•>' 

140 1« 

; AAC ACA ACC CTC CAC ATC AGC ATG TTC GAA 
i Asn Thr Thr Leu His lie Ser Het Phe Glu 
155 

■ AAC AGG GAG TCT GAC TTG TTC TTT TTG GAT 

• Asn Arg Glu Ser Asp Leu Phe Phe Leu Asp 
l 175 180 

• GGG GAC GAG GGC TGG CTG GTG CTG GAC ATC 
: Gly Asp Glu Gly Trp Leu Val Leu Asp lie 

190 195 

i TGG CTG CTG AAC CAT CAC AAG GAC CTG GGA 
r Trp Leu Leu Asn His His Lys Asp Leu Gly 
'205 210 

L ACC GCG GAT GGG CAC AGC ATG GAT CCT GGC 
i Thr Ala Asp Gly His Ser Het Asp Pro Gly 
220 2 25 

k CGA CAA GCA CCA CGC TCC AGA CAG CCT TTC 
r Arg Gin Ala Pro Arg Ser Arg Gin Pro Phe 
235 2*0 
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.■SS£S2S252SSii:2222 

265 

.2222*22252255=*= 

310 31 

"32225*2222222522 

325 33 ^ 

- gSS22222222S22SS2 
.SSS22222222S2222 
5222222222S2g222 

"S22SS252S22-—— 

» TGC^AC* CTGGCGGGGG CCCTCTCCAG AGGGAGMAC CCTTCTATGT U« 

« GAGAGAGGGG ™ = 

45 AAATTCTGGT GTTICCGAGT TCGTCTGTCC TTCATGGGGT TTCGGGGCTA TGAGGCGGGG 
« XCGXAGGGGA ~ GA~C —» 

:„ « — — « » 

50 CTCAGCCCAC AATGGCAAAT TGTGGATGGT CTAAGAAGGC CGTGGAATTC TAAACTAGAT 



1208 
1256 
1309 



1429 
1489 
1549 
1609 
1669 
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GATCTGGGCT CTCTGCACCA TTCAITGTGG CAGTTGGGAC ATTTTTAGGT ATAACAGACA 172, 
CATACACTTA GATCAATGCA TCGCTGTACT CCTTGAAATC AGAGCTAGCT TGTTAGAAAA 173, 
5 AGAAICAGAG CCAGGIATAG CGGIGCATGT CATTAAICCC AGCGCTAAAG AGACAGAGAC 184, 
AGGAGAATCT CTGTGAGTTC AAGGCCACAI AGAAAGAGCC TGTCTCGG6A GCAGGAAAAA — 
AAAAAAAAAC GGAATTC 
10 C2) INFORMATION FOR SEQ ID NO: 23: 

(iV SEQUENCE CHARACTERISTICS : 

fA) LENGTH: 399 amino acids 
« fB) TYPE: amino acid 

15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
20 im (S^'oHER INFORMATION: /product= »«nOP2-FF" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
25 Met Ala Met Arg Pro Gly Pro Leu Trp Leu Leu Gly Leu Ala Leu Cys 

All Leu Gly Gly Gly His Gly Pro Arg Pro Pro His Thr Cys Pro Gin 
20 

30 Arg Arg leu Gly Ala Arg Glu Arg Arg Asp net Gin Arg GlU He Leu Ala 

Val leu Gly U. Pro Gly Arg Pro Arg Pro Arg Ala Gin Pro Ala Ala 

M 2 Arg Gin Pro Ala Ser Ala Pro Leu Phe Met Uu Asp Leu Tyr Bis Ala 

40 net Thr Asp Asp Asp Asp Gly Gly Pro Pro Gin Ala Hta Leu Gly Arg 
85 90 
Ala Asp Uu Val net Ser Phe Val Asn net Val Glu Arg Asp Arg Thr 
100 105 
45 Leu Gly Tyr Gin Glu Pro His Trp Lys Glu Phe His Phe Asp Leu Thr 
115 120 

Gin He Pro Ala Gly Glu Ala Val Thr Ala Ala Glu Phe Arg Ue Tyr 
50 135 
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tys Glu fro Her Ihr Hi, Pro Uu Asn Ihr Ihr Uu Hi. lie Ser H.t 

Phe Gl« Val Val Gin Glu His Ser Asn Arg Glu Ser Asp Uu Phe Phe 

5 165 170 

M Asp Uu Gin Ihr Uu Arg Ser Gly Asp Giu Gly Trp Uu Val Uu 
180 1B3 

10 Asp lie Ihr Ala Ala Ser Asp Arg Irp Uu Uu Asn His His Lys Asp 
195 200 

UU Gly UU Arg UU lyr Val Giu Ihr Ala Asp Gly His Ser Hat Asp 

15 Pro Gly Uu Ala Gly Leu Leu Gly Arg Gin Ala Pro Arg Ser Arg Gin 
230 ZSD 
Pro Phe Het Val Ihr Phe Phe Arg Ala Ser Gin Ser Pro Val Arg Ala 
20 245 



Pro Arg Ala Ala Arg Pro Uu Lys Arg Arg Gin Pro Lys Lys Ihr Asn 

2 5 Glu Leu Pro His Pro Asn Lys Uu Pro Gly lie Phe Asp Asp Gly His 
275 280 

Gly ser Arg Gly Arg Glu Val Cys Arg Arg His Glu Leu lyr Val Ser 

30 Phe Arg Asp Uu Gly Irp Uu Asp Irp Val He Ala Pro Gin Gly lyr 
310 JA -' 

ser Ala lyr lyr Cys Glu Gly Glu Cys AU Phe Pro Leu Asp Ser Cys 
35 325 ->- 5U 

Her Asn Ala Ihr Asn His Ala lie Uu Gin Ser Uu Val His Leu Her 

40 Lys Z ASP Val Val Pro Lys Ala Cys Cys Ala Pro Ihr Lys Leu Ser 



355 



Ala Ihr Ser Val Leu lyr lyr Asp Ser Ser Asn Asn Val lie Uu Arg 

Lys His Arg Asn Het Val Val Lys Ala Cys Gly Cys His 
390 
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(2) INFORMATION FOR SEQ ID N0:24: 

m SEQUENCE CHARACTERISTICS: 
C ?A> LENGTH: 1368 base pairs 
(B) TYPE: nucleic acid 
5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: cDNA 

Si rS^RESIDUES. IN SEQ ID N0:3: FROM 1 TO 1368 
F) PAGES: 9214-9218 
(G) DATE: OCT - 1991 
25 ( X i) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

S-SSS25M5SSSSSSS2 
~2SSS = 25?g222-? 2 

en 85 



SUBSTITUTE SHEET 



- 129 ~ PCT/US92/07358 

WO 93/04692 



ssagaaaaaaaaagaa 
■ssaaaaagaaaagaaa 

115 120 

..saaaaasaaasaasaa, 
asasaaaaaaaaaaaa 

15 145 15 

i«aaaaasaaaaaaa§a 
20 - s s a a a a a a a a a a g a 

180 103 

-gsaaasaaaaaajaaa 

195 200 

.ssaaaaasasasssss 

210 215 

sssaaaaaaaaaaaaa 

35 225 230 

saaagaaaaasaaaaa 
•asaaaaaaaasaasas 

260 iD 

« a a 5s a a a a s a a a a g a s a 

275 280 

.sessasssMBgsasB 

900 



384 



432 



480 



624 
672 
720 



816 



864 



912 
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22S5SSS22S2gES«g 

305 310 

•SS2Sg£ES2g5SSSg2 
S«SS2iS2gSS2Sg2" 

15 355 360 

BSgSffiSgaSgSSg2S5SiS 

370 375 

"gSS2SS22SS5g2SS2g 

385 390 

- ssssssssssgss^isgs 

405 * 1U 

»j-g5S55SS2iSgSSaSgS55 

420 #ZJ 

ssgsssaga^ssS" 2 

35 435 * 4Q 

GIG AAA TCC TCC GGG TGC CAT TGA 
Val Lys Ser Cys Gly Cys His 



40 (2) INEORMATION FOR SEQ ID N0:25r 

m SEQUENCE CHARACTERISTICS : 
1 (A) LENGTH* 455 amino acids 
(B) TYPE.* amino acid 

4b (D) TOPOLOGY* linear 

(ii) MOLECULE TYPE: protein 
50 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:25: 



1008 
1056 
1104 
1152 
1200 
1248 
1296 
1344 
1368 
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« Ser Gly U« Arg Asn Thr S.,01U Ala Val AU Val U» Ala Ser 

ul Gly U« Gly H« V.! « Leu Het Phe Va! Ala Thr Thr Pro Pro 
5 20 

Ul Vel Glu Ala Thr Gin Ser Gly He Tyr He Asp Asn Gly Lys Asp 

» Gin Thr Ue Ket Bis Arg Va! Uu Ser Glu Asp Asp Lys Uu Asp Val 

Sex lyr Glu He Leu Glu Phe Leu Gly U. Ala Glu Ar 8 Pro Thr His 

15 I ser Ser His Glu Leu Ser Uu Arg Lys Ser Ala Pro Lys Phe Leu 

uu Asp val Tyr Z Arg He Thr Ala Glu Glu Gly Uu Ser Aap Gin 
20 *00 

Up Glu Asp Asp Asp Tyr Glu Arg Gly Hie Arg Ser Arg Arg Ser Ala 

25 asp UU l Glu asp Glu Gly Glu Gin Gin Lys Asn Phe Ue Thr Aep 
130 135 
uu Asp Lys Arg Ala lie Asp Glu Ser Asp lie lie Het Thr Phe Leu 
145 150 

U » Lys Arg His His Asn Val Asp Glu Leu Arg His Glu His Gly Arg 
.. kn uu Trp Phe Asp Val Ser Asn Val Pro Asn Asp Asn Tyr Uu Val 



180 "> 5 
He. Ala Glu Leu Arg He Tyr Gin Asn Ala Asn Glu Gly Lys Trp Leu 
195 200 
40 Thr Ala Asn Arg Glu Phe Thr He Thr Val Tyr Ala He Gly Thr Gly 



210 



ttt uu Gly Gin His Thr Her Gin Pro Uu Ser Ser Va! Asn Thr Thr 
225 2 
45 Gly Asp Tyr Val Gly Trp Uu Glu Leu Ann Val Thr Glu Gly Uu His 

Glu Trp Uu Val Lye Ser Lys Asp Asn His Gly He Tyr lie Gly Ala 
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His Ala Val » Arg »§ «* « ^ U " & 

275 280 

Uu lie His An Lys Val Asp Asp Glu Phe Gin Pre Phe Hot He Gly 
5 290 Z9:> 

Phe Phe Arg Gly Pro Glu Uu Us «*. Ala Thr Ala Bis Ser S er His 

305 310 
10 His Arg Ssx Lys Arg Ser Ala ssr His Pro Arg Lys Arg Lys Lys Ser 

val ser Pro Asn Asn Val Pro Uu Uu Glu Pro Hst Glu Ser Ihr Arg 
340 345 
15 ser Cys Gin Her Gin Tar Uu Tyr lie Asp Phe Lys Asp Uu Gly trp 
355 360 
His Asp Trp He He Ala Pro Glu Gly Tyr Gly Ala Phe Tyr Cys Ser 
20 370 375 

G1 y Glu Cys Asn Phe Pro Uu Asn Ala His K« Asn Ala Thr Asn His 
385 39tt 
25 jOa He Val Gin Thr Uu Val His Uu Uu Glu Pro Lys Lys Val Pro 
405 

.ys Pro cys Cys Ala Pro Thr Arg Uu Gly Ala uu Pro Val Uu Tyr 
420 

30 His uu Asn Asp Glu Asn Val Asn uu Lys lys Tyr Arg Asn Het He 
435 440 

Val Lys Ser Cys Gly Cys His 
35 450 455 

(2) INFORMATION FOR SEQ ID N0:26: 

m SEQUENCE CHARACTERISTICS: 
1 (A) LENGTH* amino acids 
* u (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: protein 

45 fiii^ ORIGINAL SOURCE? 

(A) ORGANISM: Homo Sapiens 

fix) FEATURES 
50 1 (A) NAME/KEY: Protein 

fa LOCATION: 1..102 
P OTHER INFORMATION: /note="BHP3" 
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40 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:26« 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino acids 

c (B) TYPE: amino acid 

(C STRAND EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

10 

(ix) FEATURE: 

V (A) NAME/KEY: Protein 

15 (xi)SEQUENCE DESCRIPTION. SEQ ID HO-.tt, 

Cys Ala Ar g at, Tyr Leu Lys Asp The Ala Asp IX. Gly Tp Ser 

20 L irp He He Ser Ere Lys Ser Ph. Asp Ala Tyr Try Cys Ser Gly 

20 25 
Ala Cys Gin Phe Ere Het Pre Lys Ser Leu Lys Pre Ser Asn His Ala 

tt r lie 1 ser He Val Ala Ar S Ala Val Gly Val Val Pro Gly He 

50 55 
go Glu Pro Cys Cys Val Pro Glu Lys Het Ser Ser Leu Ser He Leu 

l Phe Asp Glu Asn Lys Asn Val Val Leu Lys Val Tyr Pro Asn Het 

35 Thr Val Glu Ser Cys Ala Cys Arg 

100 

(2) INFORMATION FOR SEQ ID NO: 27: 

m SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS: single 
45 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(vi) ORIGINAL SOURCE: 
5Q ( } (A) ORGANISM: HOMO SAPIENS 
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fix) FEATURE: 
1 ' (A) NAME/KEY: Protein 
(B) LOCATIONS L..I02 
(D) OTHER INFORMATION; /now- BMP5 

(xi) SEQUENCE DESCRIPTION; SEQ ID NQ-.27: 

?s Lys Lys His Glu Leu Tyr Val Ser Phe Arg Asp Leu Gly Trp Gin 

Lp Trp He lie L -o Glu Gly Ala Ala Phe Tyr Cys Asp Gly 
20 

«. Cya |« Phe Pro uu Asa Ala Ks Her Asu Ala ~ - Hi. Ala 

ne val 1 Thr Lea Val His leu aet Phe Pro a ?P Hie Val Pro Ly, 
50 5 * 
2 0 Pro Cys Cys Ala Pro Thr lys leu Asa Ala lie Ser VU Uu Tyr Phe 

Z iS p Ser Ser Asa VM lie leu Lys Lys «. Ar 8 Asa Her Val Val 



65 

. » Cot SfiT, .. 

85 

Are Ser Cys Gly Cys His 
& LOO 



45 



(2) INFORMATION FOR SEQ ID N0x28: 

(i) SEQUENCE CHARACTERISTICS i 
(AY LENGTH: 102 amino acids 
(B) TYPE: amino acid 
(CI STRAND EDNESS: single 
(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: protein 

fvi) ORIGINAL SOURCE: 

( (A) ORGANISM: HOMO SAPIENS 

(ix) FEATURE: 

fA) NAME/KEY: Protein 
h) LOCATION: 1. .102 
CD) OTHER INFORMATION: /note- "BMP6 

( X i) SEQUENCE DESCRIPTION: SEQ ID N0:28: 

Cys Arg Lys His Glu Leu Tyr Val Ser Phe Gin Asp Leu Gly Trp Gin 



50 1 
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Glu Cys S f Pne Pro Uu Asa Ala Hi, Hat Asa Ala *. Asn His Ma 

5 ne Vai 1 Tur Uu Vai Hi. UU H.t Asn Pro Giu Tyr Val Pro iys 
50 

„ Pro Cys Cys AU Pro * Uu Asn Ala lie Ser Val Uu Ty* Phe 
I, Asp Asn Se, Asn vai Ue uu Lys jp Ty* Ar g Trp He, Vai Val 



15 



Arg Ala Cys Gly Cys His 
8 100 



(2) INFORMATION FOR SEQ ID N0:29: 
20 {±\ SEQUENCE CHARACTERISTICS: 

( ' (A) LENGTH: 102 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

25 H0LECULE TYPE: protein 

fixl FEATURE: 

1 ' (A) NAME/KEY: Protein 

30 $ S^^^^^^FOS'N IS INDEPENDENTLY 

rLScTED^^EsUs OC SK 5SENCE OF HOUSE 
KIaN^Vr 0 ^ S^SKK Ih and B 0, 
35 16,18,20 and 22.)" 

(»i) SEQUENCE DESCRIPTION* SEQ ID H0.29. 
,0 Cys Xaa Xaa His Glu Uu Tyr Vai Xaa PHe Xaa asp Uu Gly Trp Xaa 
Lp Trp Xaa lie AU Pro Xaa Oly Ty, Xaa AU Ty, Tyr Cys CXu Gly 
« Glu Cys Xaa 1 Pro Uu Xaa S« Xaa He, Asa Ala TK, Asa His AU 

He Xaa Gin Xaa Uu Vai His Xaa Xaa Xaa Pro Xaa Xaa Vai Pro Lys 
en • ,3 



50 50 
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.1- Vr-t, 

70 



5 



XaaAUCysGljCysHts 



ID (2) INFOBHATIOK EOR SEQ ID N0,30 t 

m TXPE* amino acids 
« (C> TOPOLOGY: linear 

1 (ii)HOLECULE TYPE: protean 

^STBtt* Generic Sequence 5 independently 

20 lefSd in the specification. 

(xi) SEQUENCE DESCRIPTION t SEQ ID N0t30s 



25 Leu Xaa Xaa Xaa Phe ^ 

XaaXaaXaaGlyTrpXaaXaaTrpXaa 

Xaa Xaa Pro Xaa Xaa Xaa Xaa Ala 
30 Xaa lyr Cys Xaa Gly^aa Cys Xaa 

Xaa Pro Xaa Xaa Xaa Xaa Xaa 
35 Xaa Xaa Xaa Asn His Ala Xaa Xaa 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 
40 cys xfa Pro Xaa Xaa Xaa Xaa Xaa 

Xaa Xaa 6 La Leu Xaa^aa Xaa 
45 xla Xaa Xaa Xaa Val Xaa Leu Xaa 

Xaa Xaa Xaa Xaa MetXaa Val Xaa 

Xaa Cys Xaa Cys Xaa 
so 95 
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(2) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 102 amino acids 
5 (B) TYPE: amino acids 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
fix) FEATURE: 

defined in the specification, 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31: 
5 Cys Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Phe 

Xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa 
0 Xaa Xaa Pro Xaa Xaa Xaa Xaa Ala 



20 

Xaa Tyr Cys Xaa Gly Xaa Cys Xaa 
30 35 
Xaa Pro Xaa Xaa Xaa Xaa Xaa 
40 

Xaa Xaa Xaa Asn His Ala Xaa Xaa 
45 50 
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 

60 65 
Cvs Xaa Pro Xaa Xaa Xaa Xaa Xaa 
7 70 
Xaa Xaa Xaa Leu Xaa Xaa Xaa 

75 80 
Xaa Xaa Xaa Xaa Val Xaa Leu Xaa 
85 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

90 v n<l 

Xaa Cys Xaa Cys Xaa 
100 



25 



95 



(2) INFORMATION FOR SEQ ID NO: 32: 

m SEQUENCE CHARACTERISTICS: 

A LENGTH: 1238 base pairs, 372 amino acids 

(B) TYPE: nucleic acid, amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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fill) ORIGINAL SOURCE* 
)k\ ORGANISM: human 
(?) TISSUE TYBBi BRAIN 

c ftv) FEATURE: 

5 \ L ) NAME/KEY: CDS 

(B) LOCATIONS 

(D OTHER INFORMATION! 
1 ' /product- "GDE-L" 

10 /note- "GDF-1 CDNA" 

(X) PUBLICATION INFORMATION : 

ffi S Grovth/Diffe-tiation Eacror 1 

15 £) JOOIMIL! Eroc. Nat'l Acad. Sci. 

° (D) VOMHEl 8» 

fEY RELEVANT RESIDUES; 1-1238 

(J) EAGES: 4250-4254 

20 IS) SSSwSSS™. « » H0.32, 

GGCOaCACCG GCCCCGCCCI CAGCCCAOG GtCCCGGGCC GCCGCGGACC CTGCGCACTC 
M TCTGGTCAXC GCCTGGGAGG AAG ATG CCA « CCG CAG CAA GGT CCG KC gC 

ssaa2 2222222222s 

30 15 

2S5S2S2SSSSSS22 
35 s s 2 « 2 S S 2 S S S S S 5 £ 

- as s s a 2 s a a 2 2 a a a 5 

45 ss-KS2j£52252ESSS 

gaaaaaaaaassssa 

Cft ^0 



60 
113 

158 

203 

248 

293 

338 

383 
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25 



gsaaaaaaaaaaasg 

saaagsssasassss 
ggsassaa'aasasss 
saaaasaaaaasasa 

s a a s s a ^ 2 a a a a a a s 

195 200 205 

a a a a a s a a a a a a a a a 
a s a a i a a a a 1 a a a a a 
aaaaaaaaaiaaaas 

a-aaiaaaagaaaas 

saaais« s I 2SSS "a 
aaaassaasssss-i 

f 285 



428 

473 

518 

563 

608 

653 

698 

743 

788 

833 

878 

923 

968 
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„ rr-r TPC GGG 1013 



25 (2) 



-sss'sissssigssssi 
ssss.5sss=S ssa!S 5 

« coe ^pJT-c*-* CCCGGGCCCA *u»u» cccc^c use 



1058 
1103 
1148 
1193 



Cys Arg 
372 



INfQRHATION FOR SEQ ID N0:33: 

r B { TYPE: amino acid 
fCY STRANDEDMESS: single 
(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: SO 

( lv) ANTI-SENSE: NO 

rrT±\ ORIGINAL SOURCE: 
C 3 fit ORGANISH: human 



ORGANlon: 

TISSUE TYPE: BRAIN 



1 ; /product- "GDP-i 

- — — t sir,.— -» 
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«. Hi. Uu Leu Uu Leu Uu Ala Leu Leu Leu Pro. Ser I« Pro 

UU Thr Arg Ala Pro Val Pro Pro Gly Pro Ale Ala Ale Leu Uu 

30 J3 
Gin Ala Leu Gly Leu Arg Asp Glu Pro Gin Gly Ala Pro Arg Leu 

, Arg Pro val Pro Pro Val Ket Trp Arg Leu Phe Arg Arg Arg Asp 

fro Gin Glu Thr Arg Ser Gly Ser Arg Arg Thr Ser Pro Gly Val 

5 Thr Leu Gin Pro Cyc His Val Glu Glu Uu Gly Val Ala Gly Asn 

90 50 
He val Arg His lie Pro Asp Arg Gly Ala Pro Thr Arg Ala Ser 

Glu Pro Val Ser Ala Ala Gly His Cys Pro Glu Trp Thr Val Val 
120 Li0 
S Phe Asp Leu ser Ala Val Glu Pro Ala Glu Arg Pro Ser Arg Ala 

Arg Uu Glu Uu Arg Phe Ala Ala Ala Ala Ala Ale Ala Pro Glu 

10 ' Gly Gly Trp Glu Leu Ser Val Ala Gin Ale Gly Gin Gly Ala Gly 

Ala Asp Pro Gly Pro Val Leu Uu Arg Gin Uu Val Pro Ala Uu 

. Gly Pro Pro Val Arg Ala Glu Uu Uu Gly Ala Ala Trp Ala Arg 

Asn Ala ser Trp Pro Arg Ser Uu Arg Uu Ala Uu Ala Leu Arg 

Pro Arg Ala Pro Ala Ala Cys Ala Arg Uu Ala Glu Ala Ser Leu 

45 uu uu val Thr Leu Asp Pro Arg Uu Cys His Pro Uu Ala Arg 

240 

Pro Arg Arg Asp Ala Glu Pro Val Uu Gly Gly Gly Pro Gly Gly 

en 255 
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U. Cys Arg *U Arg Arg » Tyr Val |er .he Arg Glu Val SXy 
270 

Trp Hi. Arg Trp Val lis Ar, Pro Arg g «- - *» 
Cys Glu Gly ^ Cys A!, Leu Pro Val AU U. Ser Gly S« Gly 
G ly Pro Pro Ala Leu Asu His AU Val leu Arg Ala Leu Her His 
U» Ala Ala Pro Gly Ala Ala Asp leu Pro Cys Cys Val Pro Ala 
«g Uu Ser Pro lie Ser Val Leu Phe PU Asp Asa Ser Asp ig 



20 



Val Val Leu Arg Tyr Glu Asp Met Val Val Asp U Cys Gly 



360 



Cys Arg 
372 
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ffhat is claimed is: 

1 A method for alleviating the tissue destructive 

' effects associated vith the inflammatory response 
to tissue injury in a mammal, the method 
comprising the step of: 

providing to the injured tissue a therapeutically 
effective concentration of a morphogen sufficient 
to substantially inhibit or reduce the tissue 
damage resulting from said inflammatory response. 

2 The method of claim 1 where said step of providing 
a therapeutically effective morphogen 
concentration to said injured tissue comprises the 
step of administering a therapeutically effective 
concentration of a morphogen to said mammal. 

3 The method of claim 1 where said step of providing 
a therapeutically effective morphogen 
concentration to said injured tissue comprises the 
step of administering to said mammal an agent that 
stimulates in vivo a therapeutically effective 
concentration of an endogenous morphogen. 

4 The method of claim 1 wherein said step of 
providing a therapeutically effective 
concentration of a morphogen is conducted prior to 
reduction or interruption of bXood flow to the 
tissue. 
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6. 



7. 



8. 



10. 



11. 



12. 



tissue an* before reperfusxon. 

O. metnod of claim I -merein "JJ^f^ 

reperfusian injury. 

.hod of claim 1 vherein said said step of 
The method of claim effective amount 

administering a ^^"^^ ^percsia 
of a morphogen is conducted folloving nyp 

injury. 

f . nd of c i a i n 1 vherein said morphogen is 
injury. 

T„e method of claim 1 vherein said seep of 
ischemia-reperfusion injury. 

Tbe „ethod of claim X vherein said tissue damage 
results from au abnormal immune respon 
mammal. 

X„e method of claim i .herein said 

Is associated vith en inflammatory disease. 

Ihe method of claim « herein said inflammatory 
disease is an autoimmune disease. 
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u a «f claim U wherein said inflammatory 

ZZXSZ p— — 

or diabetes. 



14. 



15. 



The method of claim 13 "herein said arthritis - " 
rh ematoid, degenerative or psoriatic arthritis. 

». method of claim XI .herein said 
di .„se comprises an aireay inflammation in 



mammal. 

Tfce method of clai. 15 vherein ..14 airvay 
ln fla»mation comprise, chronic bronchit s, 
.mphysema, idiopathic pulmonary fibrosis or 
asthma. 

u a m* rlaim 11 vherein inflammatory 

z~::t£:T> «... — 

response. 

«,. method of claim 17 wherein said "»»»^ 
disease comprises adult respiratory distress 
syndrome . 

The method of claim 1 wherein said tissue dama g e 
is to a transplanted organ or tissue. 

« j for reducing tissue damage associated 
20. A method for reduc g the 
vith ischemia-reperfusion injury in 
method comprising the step of: 

providing to the injured tissue a ^-peutic 
'concentration of a -rphogen suf e .« t . 
alleviate the damage associated 



18. 



19. 
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21. 



A method for reducing the tissue damage associated 
vlth hyperopia injury in a human, the method 
comprising the step of: 

providing to the injured tissue a therapeutic 
concentration of a morphogen suf f icient to 
alleviate the damage associated vith said injury. 

The method of claim 20 or 21 vherein said step of 
providing a therapeutically effective morphogen 
concentration to said injured tissue comprises the 
step of administering a therapeutically effective 
concentration of a morphogen to said mammal. 

The method of claim 20 or 21 therein said step of 
providing a therapeutically effective morphogen 
concentration to said injured tissue comprises the 
step of administering to said mammal an agent that 
stimulates in vivo a therapeutically effective 
concentration of an endogenous morphogen. 

The method of claim 1, 20 or 21 vherein said 
tissue is lung tissue, cardiac tissue, hepatic 
tissue or renal tissue. 

25. The method of claim 6, 9 or 20 vherein said 

ischemic-reperfusion injury results from cardiac 
arrest, preliminary occlusion, arterial occlusion, 
coronary occlusion or occlusive stroke. 



24. 
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27. 



28. 



29. 



30. 



peered fro. the group consist ng o f. •»- • « 
CBHP2 i Vgl(fx). Vgr(fK), DPP(fx), BDF-l(f») 
60A(fx)- 

Toe method of claim 26 wherein said 

co.orises ao amino acid sequence sharing a last 

r 0 rro'i.g y one ot *. . Tr: » , 

from the group consisting ef OF-1. OP . 
,D3(C», B.PS(fx), BHP6(fr). Vgt(fx), Vgr(fx), 
DPP(fx), GDP-l(fa) end 60A(fx). 

The method of claim 1, 20 or 21 .herein «" 
"rphogen comprises an amino acid -•«""•£"-• 
Ireater than 60% amino acid identity with the 
:i,""e defined hy residues *3-»9 of Seq. » 
No. 5 (hOPl). 

Ik. method of claim 28 vherein said morphogen 

, SeS en emino acid sequence having greater 
th .n 65% amino acid identity vith the sequence 
defined by residues 43-139 of Seq. ID No. 5 
(hOPl). 

allelic and species variants thereof. 



31. 



4- cannences L, *» '» 



by Generic Sequences 1, 2, 
Nos. 1, 2, 3, 4, 30 or 31). 
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32. 



33. 



37. 



, . - „ T;iim i 20 or 21 wherein said 
by OBI (Seq. ID No. 29), 

Xxuprton of olood fl.v to said or,., or 
tissue. 

v ., „f claim S3 or 34 vherelo said clinical 
• th \:tl 1 a carotid • 

r«.ry"ypa s' a tissue S raftiu S procedure, aa 
c-apiaac, or a fibrinolytic teerapy. 

Tue aarhod of .1—1. "or 34 vuereie said 
m „rpho S en is administered parenteral^. 

n. method of claim 1, 33 or 34 aa.rei. |~« 
Lrpnogen is administered prophylactically 



36. 



SUBSTITUTE SHEET 



WO 93/04692 



- 149 - 



PCT/US92/07358 



38. A pharmaceutical composition for use in 
alleviating the injury associated with tissue 
exposure to toxic oxygen concentrations comprising 
a therapeutically effective amount of a morphogen 
in admixture with a free oxygen radical inhibiting 
agent or an anticoagulent . 

39. A pharmaceutical composition for topical 
administration comprising a therapeutically 
effective concentration of a morphogen in 
admixture with a dermatologically acceptable 
carrier. 

40. A pharmaceutical composition for topical 
administration to a tissue comprising a 
therapeutically effective concentration of a 
morphogen dispersed in a biocompatible, non- 
irritating tissue surface adhesive. 

41. The composition of claim 40 wherein said adhesieve 
comprises hydroxypropylcellulose . 

42. The composition of claim 38, 39 or 40 wherein said 
morphogen comprises an amino acid sequence sharing 
at least 70% homology with one of the sequences 
selected from the group consisting of: 0P-1, 0P-2, 
CBMP2, Vgl(fx), Vgr(fx), DPP(fx), CDP-l(fx) and 
60A(fx). 

43. The composition of claim 42 wherein said morphogen 
comprises an amino acid sequence sharing a last 
80% homology with one of the sequences selected 
from the group consisting of: 0P-1, OP-2, CBMP2, 
BMP3(fx), BMP5(fx), BMP6(fx), Vgl{fx), Vgr(fx), 
DPP(fx), GDF-l(fx) and 60A(fx). 
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. , . ■ , fi 39 or 40 wherein said 

Ho. 5 IhOBl)- 

- „,.«_ 44 therein said morphogen 
u . n. - C ^r»,»e.ce having gr=a«r 

comp rxaes an amin " l * « ylth the .„..«. 

(hOPl). 

aU.lle and ^""^ 

* . a <™ 38 39 or 40 wherein said 
Tbe exposition o c i. ; » sequence defiae d 
ra0 rpbogen comprises an * or fi (Seq . ID 
by Generic Sequences 1» 2, J* 
NoS. U 2, 3, 4, 30 or 31). 

* „< m aa 39 or 40 wherein said 
The composition of ^»"' Q aci d sequence defined 
morphogen comprises an amino acid 
by OEX (Seq. ID »o, 29), 

. „ ert od » { — - z^zz r r^r 

tissue to be transplanted 
of comprising the step of: 

priding a therapeutically effective ^ 
concentration of a morphogen to said 
organ to be transplanted. 



46. 



47. 



48. 



49. 
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50. The method of claim 49 wherein said 
therapeutically effective concentration is 
sufficient to substantially inhibit reperfusion 
injury to said tissue or organ. 

51. The method of claim 49 wherein said morphogen is 
provided to said tissue or organ prior to 
reperfusion injury. 

52 The method of claim 49 wherein said morphogen is 
provided to said tissue or organ prior to removal 
of said tissue or organ from the donor. 

53. The method of claim 49 wherein said organ is 
placed in an organ preservation solution 
containing said morphogen or a morphogen- 
stimulating agent after removal of said organ from 
the donor and prior to transplantation in the 
recipient. 

54. The method of claim 49 wherein said organ is 
selected from the group consisting of lung, heart, 
kidney, liver or pancreas. 

55 The method of claim 49 wherein said living tissue 
comprises skin, bone marrow or gastrointestinal 
mucosa tissue. 
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effects associated vxtn 

in a mammal, the method comprising the 

morphogea. 
of. 

therapsutidlly ««ective su£flc i B nt to 

„orpho 8 en, «id »nc«.«.tto» . 
k .,= n tla.lly inhibit or reduco the tlis» 

Ite « rto a o, cx,i. *. « « « ::tp.:r.n 

.« P ro T idi» g * «!»»»•« * £omprlses the 

S :::„lat: o .U.-.f* effective 

S c ::io7o7T«eoo. s eo.us« r poo 8e o. 



58. 



59. 
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60. A composition useful as a living cell or living 
tissue preservation solution comprising: 

a fluid formulation having as osmotic pressure 
substantially equivalent to the osmotic pressure 
of living mammalian cells in admixture with 

a therapeutically effective concentration of a 
morphogen or morphogen-stimulating agent, said 
concentration being sufficient to protect living 
cell or tissue from the tissue destructive effects 
associated with the inflammatory response xn a 
mammal when exposed to said cells or tissue. 

61 The preservation solution of claim 60 wherein said 
therapeutically effective concentration is 
sufficient to substantially inhibit or reduce the 
tissue damage associated with ischemia-reperfusion 
injury. 

62. The preservation solution of claim 60 wherein said 
formulation further comprises a sugar. 

The preservation solution of claim 60 wherein said 
formulation further comprises an anticoagulant or 
a free oxygen radical inhibiting agent. 

The invention of claim 49, 56, 57 or 60 wherein 
said morphogen comprises an amino acid sequence 
having greater than 60% amino acid identity with 
the sequence defined by residues 43-139 of Seq. ID 
No. 5 (hOPl). 



63. 



64. 
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68. 



A composition useful in a treatment "'f^" 

„ <„-,. tissue damage associated vita the 
alleviate tissue u.m» 6 composition 

comprising a therapeutically 
concentration of a morpuogen or morphogen- 
stimulating agent. 

Ih o composition of claim 65 herein s.id ti.sue 
damage is associated .ith ischenia-reperfusion 
injury or hyperoria Injury. 

Ike composition of claim 65 vherein said ti«ue 
damage is to lung, cardiac, renelor hepatic 
tissue. 

The exposition of clai* 65 vherein said tissue 
damage is to a transplanted organ or tissue. 
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AMENDED CLAIMS 
r received by the international Bureau 
l ^TlT FeLuary 1993 (10.02.93); 
original claims 46 and 49 amended 
remaining claims unchanged (1 page) J 
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„. The ^position - cXa^B > ^J^T^S 



5 (hOPl). 



nu • -» i — ' 

defined by residues 43-139 of Seq. D> 
(hOPD- 

of claim 45 wherein said morphogen 

46. The •W"*'""* ^sequence defined by 

luetic and species variants thereof. 

^ i=4 m 38 39 or 40 wherein said 

47 . The ^ osi ^ g C ^ln; acid sequence defined 
morphogen comprises an am 6 (Seq . id 
by Generic Sequences 1, 2, 3, 4, 

KOS. 1, 2, 3, 4, 30 or 31). 

^ i.j m iq 39 or 40 wherein said 

«• ~ '^m-is s» acid sequence defined 

morphogen comprises an 

by OPX (Seq. ID No. 29). 
„. a method of enhancing the viabi^ -organ- 

tissue to be transplanted in a inamma 

comprising the step of: 

organ to be transplanted. 
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FURTHER INFORMATION CONTINUED FROM PCTISA/210 



Remark: Although claims 1-37, 49-52 (partially, when the method 
ifcarried out in vivo), 54-57 (partially, when the method 
is Srried out in vivo) 58 - 59 ,64 (partially, according 
H ?S method of claims'49,56 or 51) are i^l**^™^ 0 * 
of treatment of the human or animal body the search has^ 
been carried out and based on the alleged effects of the 
composition. 

OBSCURITIES, INCONSISTENCIES, .CONTRADICTIONS, LACK OF 
CONCISENESS; LACK OF READY COMPREHENSIBTLITY ) 

(ART* 6 PCT) 



1. Claim 46 has been understood as being dependant of claim 45. 
Therefore claim 46 should readt "The composition of claim 45, 
wherein said morphogen comprises an amino acid sequence defined 
by residues 43-139 of Seq. ID No. 5 (hOPI), 

including allelic and species, variants thereof. 

2. in view of the extremely large njf» fc ^ e ?gS^ 1 u ?g as 
in the methods and compositions of cla^s 26-29, 31 (in as 
■Far as sea ID 1 to 4 and 30-31), 42-45,47 (in as tar as 
Hi ?D 1 to 4 and 30-31), 64, the search division considers 
that it is not economically reasonable to draw up a 

■ ££ch r£oSt for the methods using, or the compositions 
comprising all the compounds defined xn the claims. 
The search has therefore been limited, on the basis or cne 
SLpSS ana claims, to the methods using, or the compositions 
comprising the seq. ID no. 5 to 29, 32 and 33 (Art. 17 (2) 
(a)(ii) and (b) PCT. 

3. The term "morphogen" is not concise. 

Therefor, and for the same reaons as given in paragraph 2 
above, it has been understood as being one of the proteins 
defines in seq. ID 5 to 29, 32 or 33. 
( Art? 6 PCT and Art. 17/2) (a) (ii) and (b) PCT) 
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